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FOREWORD

This document presents the results of a Contract Study (NAS3-22347), (Reference 1),
for the National Aeronautics and Space Administration (NASA) by Douglas
Alrcraft Company, McDonnell Douglas Corporation. This work is part of the

prop-fan program in the overall Alrcraf¢: Energy Efficiency (ACEE) program of
which Max Klotzsche 1s the Douglas Program Manager. The Douglas Project
Manager of the Advanced Turboprop Projects 1s Irene M. Goldsmith.The NASA
technical monitor fo: the contract is Brent A, Miller, Project Engineer of the
Advanced Turboprop Project Office of NASA Lewis Research Center. The overall
direction and coordination of the Advanced Turboprop Program (ACEE) is provided
by NASA Lewls Pesearch Center.

The following Douglas personnel from the key engineering discipline groups have

made major contributions to this study:

He R. Welge Unit Chief - Advanced Aircraft Design - Aerodynamics
R. W. Hahn Section Chief - Advanced Aircraft Design - Performance
R. E. Adkisson Sectlon Chief - Design - Structural Advanced Design

R. E. Pearson Dynamics Structural Mechanics

F. S. La Mar Project Enginear - Power Plant

R. G. Sandoval Project Engineer - Power Plant

D. B. Delaney Acoustic Design Requirements

B. W. Kimoto Advanced Weight Engineering

M. M. Platte Branch Chief ~ Technology - Systems Analysis
R. A. Wright Unit Chief - Technology — Configuration Design

W. E. Bachand Director/Flight Test
5. G. Furniss Flight Test

Subcontractors to Douglas Aircraft on the study are as follows:

Prop-fan and Prop—fan Controls - Hamilton Standard, Windsor Locks, Conn.,

Principal contacts: W. M. Adamson & B. Z. Gatzen

Turboshaft Engine, Gearbox and Controls - Detroit Diesel Allison,

Indianapeolis, Indiana

Principal contact: P, Stolp
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ADVANCED TURBOPROF TESTBED SYSTEMS STUDY
SUMMARY

The work performed by Douglas Alrcraft Company, under Contract No. NAS3~22347,
(Reference 1) with NASA Lewis Research Center is summarized herein and concerns
the evaluation and recommendatlions of a testbed approach to the proof of
concept, feasibility, end verification of the advanced prop-fan and of the
integrated advanced prop-fan aireraft. ALl previous study work throughout the
industry on the prop~fan concept hzs shown a definite fuel saving for the
prop~fan aircraft as compared toc the ctuvbot¥an alrcraft. These analytical
comparisons show a 16 percent tc 38 puccent furl savings of the prop-fan over
the current turbofan engine powered aircraft+ as compared to an advanced
technology turbofan _ngine compatible with a 1990 to 1995 operation, the
prop—fan shows a definite advantage of at 1least 15 percent fuel savings. The
decreasing availability and the rapld egcaltion of price of fossil fuel have
made industry increasingly desirous of having this fuel economy available from

the prop-fan 1in actual operation.

In Phase I (FY 1978 through 1980) of the NASA Advanced Turboprop (ATP) Program,
a fundamental data base on small scale prop-fan models was developed and the
feasibility of the high speed (Mach 0.70 to 0.80) prop-fan was estahlished.
The next follow-on step in the prop—fan development is to provide proof-uf-
concept by large scale testhed research and demonstration. The proof of the
prop~fan itself is the kev to the success of tne prop-fan ailreraft; therefore,
proof of full scale prop~fan structural integrity, acceptable noilse levels, and
performance are the first priority items Iin the testbed program. This study
reported herein provides the necessary survey, planning, and early preliminary
aircraft design information associated with the initiation and continuation of
a suitable large scale prop—fan testbed program. Compliance with an expedited
schedule necessitates that the testbed aircraft/engine/prop-fan/controls

conslder existing hardware.



The faceta of the overall testbed problem included in this study are the
objectives and priorities of the testbed program; survey and selection of
candidate propeller drive systems; sclection of a satisfactory aircraft, from
candidate aircraft, for the testbed; proposed testbed systems evaluation and
recommendtions; conceptual design of a testbed; RCM costs; preliminary testbed
flight program; and survey of wind tunnel facilities suitable for large scale

prop-fan and prop-fan aircraft testing.

The Douglas study considers tte DC-9-10 (or ~30) as the testbed aircraft.
Throughout, the Hamilton Standard SR-3 design type prop-fan 1is selected; the
actuwal design of the testbed large scale prop-fan will be designated as SR-7,
but 18 expected to have the design and performance characteristics eimilar to
the existing SR-3. In the iniitial phase of the study, the Allison T70l, the
Alligon T56, ar' the General Electric T64 turboshaft enpines are compared as to
the feasibilicy of cach type as a drive system for the prop-fan testbed. One
and two prop—fan nacelles are considered for the testbed arrangement, Since
the uynmodified DC-9 alrcraft emvennage is capable of satisfactory flight with
the asymmetric confipuration, one wing-mounted prop-fan nacelle configuration
is considered as a less costly version of the testbed. However, since the two
nacelle prop~fan arrangement is more dasirable from the Contractor's point of

view, it 18 considered as the primary arrangement.

For this proposed testbed aircraft concept, the major modification to the
aircraft is design and mounting of the wing-mounted prop-fan nacelles. The
arrangement consldered in this study is a simple, primary structure, monocoque
nacelle mounted at four points to the wing fronkt and aft spar. Such an
arrangement permits a well forward loration of the prop~fan rvrelative to the
wing leading edge, provides case of mainntenance (as tue propulsion system
cemponents may be removed from the nacelle in a modular fashion without
interference with che wing basic structure or fuel tankage) and results in an

Integrated prop-fan arrangement having a desired excitation factor.



General conclusions from the study are:

o A prop~fan testbed aircraft program 1s definitely feasible and
necessary for verification of prop-fan/engine/nacelle/aircraft

integration.

o The DC-9 alrcraft is a partjcularly desirable testbed alrcraft since
o it requires no confipuration modification except the addition
of the wing-mounted prop-~fan nacelle(s);
o all Facets of the NC-9 are knovm to Douglas and, thus, the
installation of the prop-fan can be efficiently accomplished;
) the aircraft is a commerclal alrcraft and a desirable size

from the alrline’s point of view.

o Of the curvently available turboshaft engiunes, the Allison T70!1 is

most suitable as a propulsor for the prop-fan aircraft testbed.

o Modification of existing engine and propeller controls is adequate for

the prop-fan testbed,

o The airframer 1s considered the logical systems integrator of the
testbed program; full cooperation of the prop-fan manufacturer, the
engine and gearbox manufacturer, and the alrframer is required to

accomplish a successfully expedited testbed ready for flight in 1986.

o Flight test 1s essential for establishing the necessary proof-of-
concnt, valid evaluation, and confidance Iin prop~fan itself and the

proper integration into a prop—fan aircraft.

o Large scale wind tunnel testing will not provide adequate results for

validation of the prop-fan as integrated inte an aircraft.



Sub-gecale wind tunnel testing is feasible for exploration and
parametric evaluation required in establishing the basic
configurration asscssments necessary in selecting a suitable or "near
optimum” integrated testbed aircraft arrangement.

Opposite rotation {both prop-fans rotating inboard and upward toward
the fusclage) 1s shown to be advantagecous from the performance and
acoustic points of view; continued analysis and design work is

warranted.

Synchrophasing of the prop-fans 1s necessury for establishing
satisfactory acoustic performance in the case of the two prop-fan

nacelle configuration.

The DC-9-10 testbed aircraft provides sultable configuration for
measurement during flight of prop-fan near fleld and far field
acoustlc charucteristics since the basic JT8D turbofan engines in the
DE~9-1Q, operated in conjunction with the prop-fan propulsion system,
do not generate backgreund nolse which will interfere with vallid

measuvrement of the prop~fan acoustic characteristlcs.



ADVANCED TURBOPROP TESTBED SYSTEMS STUDY

INTROBUCTION

The ongoing reduction in fossll fuel availlability and the associated rapid
increase in fuel price have been prime reasons for the aceceleration of research
associated with development of an udvanced alrcraft propulsion system which is
highly fuel efficient. The Advanced Turboprop Program (Prop-fan), a part of
the NASA Alrcraft Energy Efficient Program (ACEE), 1s such a research effort
which has been underway for several years. The key element of the system, the
prop~fan, has been under development by NASA lLewls and Hamilton Standard for
quite some time (Reference 2), Results of prop-fan aircraft evaluation studies
throughout the industry have consistently shown the prop-fan.powered aircraft
to be definitely competitive to the turbofan powered aircraft and to provide
the desired fuel savings of 16 percent to 38 percent over current medium range
aireraft. The comparative resulits of analytical parametric studies and small
scale wind tunnel teste to date have all been positive and show definite
promise for the prop-fan aircraft. The logical next step in the development of
a prop—fan ailrcraft 1s the ground and flight testing of a prs-~tical integrated

regearch aircraft.

The study results of this Advanced Turboprop Testbed Systems Study, performed
under NASA Lewis Contract No. NAS3-22347 by Douglas Aircraft Company, are
summarized herein. These study results encompass the preliminary planning
concerned with the selection of a suitable alrcraft and testbed configuration
for verification, demonstration, and measurement of
o structural integrity, acoustic, and performance characteristics
of the prop-fan:
o integration aspects of the engine/prop-fan/nacelle/alrcraft;
0 prop-fan interference effects on the overall aircraft
ingtallation from the points of view of aerodynamics, siructures
(including sonic fatigue, flutter, and vibration), acoustics and
propulsion;

o preliminary design of the suitable testbed configuration.



Wind tunnel testing and flight testing of the testbed configurations are taken
into consideration; and ROM costing and preliminary scheduling are included.

The Douglas study is performed with Hamilton Standard and Detrolt Diesel
Allison as subcontractors, respectively, on the prop-fan characteristics
(design, installation, operation, performance) and on the engine (hardware,
installation, performance). Both subcontractors are highly concerned with the

efficlent integration of the overall propulsion system.

As this contract study progressed, the emphasis or primary direction of the
study evolved in accordance with the pertinent engineering results. These
changes of direction of the contracted study were done in agreement with the
NASA Lewilis Project Manager. The chronological variations in the study
investigation are noted as follows., First, as per the original contract, the
study parametrics included

o one selected testbed aircraft configuration;

o two candidate prop-fan propulsion system designs;

{engine/gearbox plus prop-fan);

0 one prop-fan nacelle installation.

Second, as the prop-fan propulsion systems investigation showed definite

superlority of one over the otheyr, the study emphasis changed to

o] one selected testbed alrcraft configuration;
o one prop-fan propulsion system design;
o one and two prop-fan nacelle installations.

Third, further investigation resulted in the evolution to the following set of

configuration conditions

o one selected testbhed aircraft configuration;
0 one prop-fan propulsion system design;
0 two prop-fan nacelle installations.

The study results summarized herein are concerned with the Douglas DC-9
aireraft modified as a prop-fan testbed by the addition of an appropriate
prp-fan/engine/nacelle installation on the aircraft as shown in Figures 1 and

2. The use of the Douglas DC-9 in a flight research program provides a
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ONE PROPEAN NACELLE CONPIGURATION

FIGUBE 2. DCO IO PHOP FAN BESEARCH AIRCRAFT
TWOPROPFAN P ACELLE CONFIGURATION



a potential for a follow-on, powered flight vescoarch demonstration program at
minimum cost. Since the existing DC-2 empennage is capable of handling the
asymmetvrical configuration (Figure 1) from the stability and control points of
view, the single prop-fan nacelle 1s proposed as the initial testbed
configuration in deference to a low cost. As the study progressed, the two
engine prop~fan configuration is taken Iinto account and 1s discussed herein.
Three turboshaft engines - the Allison T56, the Allison T701, and the General
Flectrie T66 - are vousidered in the earlier portion of the study. The G.E.
To4, as presented by G.B. in the Initial part of the study, is found to be
non=-ccmpetitive; the T701 with the free turbine design is shown to be
advantageous for the prop~fan installation and thus is selected over the T56
single shaft turboshaft engine. At this point in time, concerted elfort is
gpent on the T701 engine installation and on both the one prop-fan nacelle and

on the two prop-fan nacelle testbed configurations.

1t 1s to be emphasized that ne detail is included in this present contrict

study relative to the

0 tntet (optimization, sizing, location);
0 inlet internal contours;

o inlet bouwndary bleed requirements;

0 nozzle exit;

Q oll cooler inlet.

This work {s very necessary fovr detaliled definition of the well-integrated
testbed configuration; however, it is beyond the scope of the present contract.
The inlet/exit configuration cousidered in this study is an appropriate
preliminary estimate; other aspects of the detail of prop-fan/engine

installatlions will be convideved as part of a follow-on testbed work.
The study results are presented {n terms of the following sceven technical tasks

Task I =  Recommended Testbed Program Objectives and Priovities

Task 11 ~ Candidate Propeller Drive Systems



Task IIT ~ Candidate Testbed Aircraft

Task IV -~ Testbed System Evaluation and Recommendations
Task V - Conceptual Deslign of Testbed Systems

Task VI -~ Testbed Flight Test Program Plan

Task VII - Wind Tunnel Test Program Plan

It is to be emphasized that the above~mentioned seven tasks are not discrete
but are mutually dependent. Therefore, some repetition among the tasks occurs

in the discussion of these report results.

A Task VIII included in the study contract covers the reporting, summarization,

and briefings of the study results.

The discussion of the results of this study i1s organizesd as per the seven tasks
noted. The section on ROM costing follows the discussions of Task VII. The
principal numerical results of the study are presented in English units. The
assoclated metric units are presented as secondary values and are enclosed in

parentheses, { ).

Appendix I summarizes the characteristics of the pertinent wind tunnels.
Although not a part of the contract work statement, the work breakdown
structure, through the second level, for the flight test testbed program is
summartrized in Appendix II. Appendix III includes description of pertinent
components of the Douglas Flight Test Facility.



TASK I

RECOMMENDED TESTBED PROGRAM OBJECTIVES AND PRIORITIES
GENERAL

The prop-fan analysis and associated ailrcraft design studies which have been
performed to date have shown that the prop-fan 1s a feasible and a viable
propulsion system which should be capable of providing fuel efficient aircraft
operation by 1985~1988. To date, the Advanced Turboprop Program which is a
part of the Aircraft Energy Efficiency (ACEE) Program has encompassed

o design, analyses, and small scale wind tunnel testing of the
prop-fan;

o low speed wind tunnel temting and analysils of critical aspceccts of
prop-fan/aircraft integration ~ for instance - aerodynamiec aspects of
propeller =slipstream effects including swirl, design procedures to aid
in swirl recovery, powered semi-span model which simulates the

wing/nacelle/prop-fan slipstream interaction.

Continued effort, eilther through wind tunnel testing or £light testing, is
required in the rapid develpment of the prop—fan aircraft. The testbed program
capable of verifying the prop-fan and its integration into a full scale
aircraft Is the next step in establishing confidence in this overall prop~-fan
aircraft concept. The rapidly increasing price, along with the diminishing
supply, of fossll fuel hag created a definite need for a fuel efficient
aircraft to be introduced into the commercial and military aircraft f£leets in
the very near future. To meet this need for fuel efficient alrcraft into the
fleets, the proof of concept of the prop-fan aircraft is certainly to be
expedited. Consequently, the maximum use should be made of existing suitable
hardware such as an aircraft, turboshaft engine, engine and prop-fan controls.
The existing prop—fan design work enhances the expediency required in this

necessary validation of the prep-fan aircraft.

Throughout this prop-fan testbed research aircraft program, cooperation is
required of the ajirframer, the prop—-fan manufacturer, and the turboshaft engine

manufacturer. In the resolution of all these technologies, the airframer is
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considered the prime integrator, with the prop—~fan manufacturer cooperating
closely, and the engine manufacturer a subcontractor of the airframer. This

overall prop-fan testbed program is expected to be monitwred by NASA Lewis.

Five specific critical objectives and their orvder of priority for the testbed
program are considered to be

o substantiation, by large scale testing, of the prop-fan rotor
structural integrity, the acoustic characteristics of the
prop-fan, and the performance capability of the full seple
prop-fan;

o overall substantiation of the integrated prop-fan/aircraft
acoustic characteristics including internal and external
noise levels as well as effectiveness of recommended acoustic
treatments;

o Integrated prop-fan/aircraft configuration aercdynamic aspects
including such as interferences, component contouring for most
favorable 1ift and drag, stability and control, and overall
performance capability;

o] Integration of mechanical controls with the engine and prop-fan;

o integration and compatibility of the prop-fan/inlet/engine for
the testbed.

Another very important aspect in the development of ~ 1990 type prop-fan
aircraft 1s the design study, test, and substantiatlon of an advanced fuel
efficient turboshaft engine compatible with the timing of this future aircraft.
This effort is necessarlly that of the engine manufacturer in coordination with
the airframer. Since the testbed itself does nor consider an advanced
turboshaft engine in its initial task of proof of concept of the prop-fan,
discussion of this advanced turboshaft engine 1s not included herein as part of
this testbed discussion. It is to be emphasized however that this development
of the advanced turboshaft engine is particularly important to the overall

prop—fan aircraft project.

Discussion follows of these above-mentioned five critical testbed program
objectives. These five objectives are discussed briefly under major headings

in Task I. Both large scale wind tunnel and flight testing are considered
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herein as means of satisfying these objectives. However, a survey of pertinent
wind tunnel facilities, done during this study and reported in Tagk TV and Task

VII, show their inadequacy to provide the concept substantiation required.

LARGE SCALE PROP-FAN ROTOR TEST OBJECTIVES

The substuntlation of the structural integrity and performance of the prop-fan
1s basic to the continued design and development of the prop-Ean aircraft. All
analytical and small scale test development work on the prop-fan have shown the
prop-fan to be feasible and very worthwhile for further developmental and proof
of concept work. Hamilten Standard identifies and defines the following
techinical objectives and priorities for a testbed program in the areas
associated with the prop~fan rotor. Resolution of these objectives, either
through a testbed aircraft flight research program or a large scale wind tunnel
test, will enhance iIndustry acceptance of the prop-fan for commercial or
military aircraft designed for cruilse speeds of Mach 0.8 at altitudes greater
than 30,000 feet (9144 m). As part of the NASA program, the small scale model
technology already developed for the prop-fan must be extended to full scale,
such that confidence of this prop-fan concept Is established. Specifically,
the areas of structural dynamics, acoustics and vibrations, and acrodynamic

performance will be addressed, in that order of priority.

Structural Dynamics

In order to establish the most accurate test data and not precipitate
additional analytical correlation studies, the large scale prop~-fan should
exhibit a blade diameter of approximately 8 to 10 feet (2.44 to 3.05 m). The
selection of an 8 to 10 foot (2.44 ta 3.05 m) dlameter for the testbed stems

from two considerations:

o Accurate representation of the total blade ailrfoil mass and stiffness
distribution, in the spanwise and chordwise directions, as well ag the
propertioning of the mass and stlffness contributions of the elements

making up any given cross section of blade airfoil;
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o accurate representation of glze, shape and thickness of the blade
construction elements, 5o that a clear demonstration of full size
fabrication feaslibility can be made

The results of the SR~3, SR~5, and SR-6 aero-acoustlic model designs have
demonstrated that the thin, swept blade shape increases the degree of mass
stiffness interaction due to rotation and vibration. The response of a blade
to integer order excitation is related to its frequency and damping. The
frequency is determined by the mass and stiffness distribution; the damplng is
related to the deflection amplitude and, therefore, the stiffness. The
probability of non-integer order response is related to the relative magnitude
of the airloads and blade inertia and to the separation of torsional and
bending frequencies., The blade inertia, relative location of the blade
frequencles, steady deflections of a  tating blade caused by body forces, and
aerodynamic forces are all determined by the mass and stiffness distribution.
The integer order response, freedom from non-integer order response
(flutter),and predictable deflection characteristics are essential elements of

a full scale demonstration.

The accuracy of simulation of a full scale prop-fan blade is size dependent
because the full size blade will be made of several materials of different
density, in order to provide a viable total weight. Since there are practical
limitations on the thinness of blade parts, both from a fabrication and a
durability standpoint, it is not possible to simulate full size cross sectional
properties In sub-scale size. For example, in order to withstand airloeads,
buckling, panel flutter and FOD with a hollow blade tip cross section, the
minimum required pressure side skin thickness would be .060 to .080 inches
(152 to .203 cm). If this thickness were scaled directly with prop-fan
diameter from 10 feet (3.05 m) to 2 feet (.610 m), the skin thickness would be
+012 to .015 inches {.034 to .,038 em). Since most cuomposite lamina are about
this thickness, multi-layer laminates, which are necessary to achlevs required
strength and stiffness properties, are thus ruled out. Fabricating a blade skin
from such thin sheet metal would require completely different techniques than

would be applied to a full scale blade.
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In the retention area, similar scaling limitations are encountered. An
anti-friction bearing 1s required for variable pitch. The area available for
the retention and pitch control mechanism is fixed by the hub-to~tip diameter
ratio required for aerodynamic performance. The cross section of anti-
friction bearings and pitch control elements such as gears, ball screws, links,
rod ends, slider blocks, etc., do not scale down well below a certaln point

because of fabrication and durability characteristics,

From the Hamilton Standard design work on SR-3, SR-5 and SR-6, all of which had
solid metal blades without anti-friction retention bearings, Hamilton Standard
judges that an accurate demonstration of dynamic behavier and fabrication
feasibility could not be achieved in less than an 8 to 10 foot (2.44 to 3.05 m)

diameter prop-fan.

There ave two technological areas that require validation: namely,
0 the vibratory response to aerodynamic flow fields, and
o the stall and eclassical flutter characteristics. This evaluation

should be conducted in the order of priority indicated.

Blade Dynamic Response Validation.

Blade dynamic response 1s a function of the aerodynamic flow field, the blade
aerodynamic characteristics, and the blade structural dynamic characteristics.
The small model wind tunnel tests will give fairly good insight into the first
two items, but will not simulate the structural dynamic characteristics of
large, spar/shell blades. Response tests on a large scale prop-fan will
provide the means for assessing the coustruccion effects pertaining to the
aerodynamic and dynamic characteristics. The object of this subject testbed
program is to confirm the excitation loadings, predicted by the small model
tests, in the presence of an aircraft and to assess the structural response of
a large scale blade of realistic construction. Because of aeroelastic effects,
it is possible that the large scale model blades may have different stress
sensitivity than that shown on the small solid model blades. Although the 1P
stress sensitivity can probably be better evaluated in a high speed wind tunnel
under controlled conditions with better instrumentation, it ig believed that a
flying test bed will be the best method for evaluating the excitation effect

and overall response of prop-fan blades.
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In order to generate the proper flow field, the vibratory response testing must
include a swept wing, a nacelle and a fuselage, at the sizes representative of
a proposed full scale aircraft. Thus, the testing of the large scale prop-fan
in a vind tunnel 1s precluded. Meaningful testing must include aircraft speeds
from statlic to 0.8 Mach number, full varlat!on of ground wind veloclties and
direction with a representative propeller thrust, full wing angle of attack

variation - both with and without flaps - and a yaw variation.

In order to evaluate the effect that the structural dynamics have on blade
response, the measured stresses will be analyzed with regard to magnitude and
frequency, The excitations, flow field, and sensitivity will be evaluatec &=
determine whether they are consistent with the small wind tunnel model results
or whether aercelastic effects are present. Additionally, the presence of

secondary stressing due to the spar/shell blade strueture will be assessed.
Blade Classical Flutter Validation

The possibility of c¢lassical flutter »f prop-fan blades are of concern because
of the high degree of modal coupling due to the sweep and low aspect ratio, the
relatively low first torsional mode frequenecy, and the high operating tip
gpeeds. The susceptability of a blade to classical flutter is dependent on
both the aerodynamic and structural characteristics of the blade. Although
small model blades duplicate the aerodynamic characteristics reasonably well,
they do not duplicate the structural characteristics. Thus, to develop
confidence that classical flutter will not be a problem, classical flutter
tests should be run on large-scale wodel blades of typlcal spar/shell
construction, Only in this way will the true aercelastic effects be properly
duplicated.

During classical flutter tests, the need to continuously control and measure
the operating conditions and stresses accurately requires that testing be
conducted in a high speed wind tunnel rather than on a flying test bed. A wind

tunnel would permit running st higher MN without undue concern over safety.
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For such tests there ls no need for any alrerafc structure, oxcept posslibly the
nacelle, so that wind tunnel operation is practicable. Stress levels and
frequencies will be monitored for indications of the approach of classical
flutter (Random Decrement Method) over the full range of aircraft apceds from
static to 0.8 MN, and must cover the full power loading (SHP/D2) rapge. The
results should give confidence that the full scale, spar/shell configuration
prop=fan blad. s will be free from classicnl flutter, as well as the degree of
margin to be expected., The results will also give an understanding of the
various operating conditions on siLability margin. Additiocunally, with a
comparison of the small model results, a feel for the construction and gecometry

effects on classical flutter von be obtained.
Blade Stall Flutter Validation.

Prop~fan blades arc highly loaded and stolled to a great degree during static,
very low speed, and reverse. Consequently, they are susceptible to stall
flutter, which is a function of both the acrodynamic and the structural dynamie
charactarigtics of the blade. Ia order to duplicate the true acroelastic aund
peometric characteristics, as well as the torsional frequency, the use of a
large scale model blade is dosirable. As stated previously, small solfid model
blades duplicate aerodynumic chavacteristics reasonably well, however, their
structural characteristies can only be approximated. Therefore, the flutter
results obtafined, 1f thls technique 1s utilized, would primarily be usged for

evaluating theoretical prediction methods.

Since stall flutter usually 1s most likely to occur during statle, high power
operations, an opan test stand is the simplest and most effective way fov itws
evaluation. However, becacvse of the high degree of stall of the prep-fan
blades, and the recent blade system flutter experlence during reverse thrust on
the OV10 aircrafL, 1t appears that the best way for an overall stall f{lutter
stability evaluatlon of a large scale size model prop-fan would be the flying
testbed. The flying testbed allows the flexibility for evaluating not only

statlc operoation, but also reverse and forward operatlon at low air speeds.
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Analysis indicates that for these highly stalled blades, stall flutter might
occur at low forward speeds rather than statically. By monitoring the blade
torsional stressing for various operating conditions (power, RPM and alrspeed).
it is possible to ¢stimate the stall flutter boundary. By utilizing the Random
Decrement Method, iiL 1is also possible to predict the proximity to stall
flutter. This method will determine the blade torsional damping for each

operating condition.

The results will provide confidence that full scale, spar/shell configuration
prop—-fan blades will be free from stall flutter, and will determine the dagree
of flutter margin. The results will also provide an understanding of how the
operating conditions affect stall flutter margin. If small model tests are
run, some Iinsight can bhe obtained as to the effects of construction and

geometry on stall flutter and the predictions can be checked out.

Since the blade structural response and stall flutter characteristics are best
obtained on a flying testbed, and the classical flutter characteristics can be
obtained either in a large high~speed wind tunnel or on a testbed, it is
recommended th¢ stability testing be performed on the testhed aircraft for

complete validation.

Acoustics

Acoustics technology needs are described below., In general, magnitude and
phase characteristics of the prop—fan noise impinging on the fuselage surface
must be established on a large-scale flight vehicle during varions operating
conditlions. Furthermore, the manner in which this noise is transmitted to the
interior must be understood in order to design efficlent cabin noise control
treatment. An additional area in which more inforwation is required Is the
definition of prop-fam far field noise for flyover noise certification and

community noise evaluations.
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These technology needs can be described in further detail as follows. The
noise field on the fuselage surface must be identified for both ground and
flight operation conditions in order to fully evaluate the cabin acoustic
environment. The design condition for the cabin acoustic environment, however,
will be the cruise condition. Variables that will affect acoustic loading on
the fuselage include aircraft altitude, airspeeds, and angle of attack, blade
loading and pitch angle, and prop-fan rotational speed. The effect of all
these variables on fuselage acoustic loading must be evaluated in flight on the
testbed aircraft. In addition, source noilise reductlon concepts such as
prop—fan synchrophasing and opposite rotation should be investigated. The term
"synchrophasing” refers to the ability te synchronize the propellers such that
a8 pre~selected relative phase angle 1s maintained between the blades of one

propeller and the blades of any other propeller on the airecraft.

Traditional propeller synchronization by mechanical governing is necessary to
prevent acoustic beats Iin the cabin due to slight differences in rotational
speeds between the various propellers. Recent advances in synchronizer
technology have shown that with precision zynchrophasing, not only can acoustic
beats be prevented, but an overall reduction In total noise entering the cabin
is possible. S8ynchrophasing has been demonstrated to provide noise reduction
in tests conducted on existing propeller aircraft. The amount of reduction an’
the ability to achlieve the necessary synchrophasing accuracy have not been
demonstrated yet on a prop-fan aircraft, but it is considered to be a viable

concept and should be evaluated on the testbed aircraft.

Prop~fan opposite rotation is another noise reduction concept which should be
evaluated on the testbed aircraft. It is hypothesized (based on measurements
in existing turboprop aircraft) that opposite rotation will reduce noise levels
in the cabin because the blades will sweep by the fuselage on their upward path
(for up~inboard rotation) where they are more lightly loaded aerodynamically.
Furthermore, the area of shock impingement on the fuselage would be below the

floor, as opposed to the window belt area for down—inboard rotation.
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Noise trangmission through the fuselage and interior panels must be understood
in order to deslgn effective noilse control treatment. Analytical procedures
designed to predict this transmission must be validated with experimental data
in full scale using a realistic high- speed trangport-type structure with
appropriate acoustle treatment. Large scale (narrow-body transport size)
validation {8 necessary because scaling from small size to full size wmodels 1is
important to the performance of acoustic treatment designs. Noise transmission
properties of the Fuselage and acoustic treatment materilals cannot be scaled
without the introduction of a high degree of uncertainty, which would adversely

impact the accomplishment of the stated program objectives.

Initial validation of the analytical models can be accomplished in a flight
test program on an exlsting turboprop. Such a program, with approprlate
pre-test and post-test analyses, could be uged to verify the predicted
transmission loss of the fuselage shell as well as the performance of advanced
acoustiec treatment designs. Due to the cost of modifying a fuselage, this rtest
program would probably be limited to add-on types of acoustie treatment.
Presumably, several acoustiec treatment designs would be initially evaluated in

a laboratory test set-up befove installation in the aircraft.

The definitive validation of all prediction models and acoustic treatment
designs should be done on a prop-fan powered transport-type aircraft capable of
cruigsing at 0.8 Mach. This testbed prop-fan installation should be as similar
as possible to a production prop-fan iIirstallation; 1l.e., the prop-to-fuselage
tip clearance should be approximately 0.8 prop diameters; a two prop-fan
installation should be used; and a realistic Inlet/nacelle/wing configuration
should be utilized. Furthermore, the noise of the prop-fans should not be
contaminated by extraneous noilse from other propulsors on the aircraft. In
other words, the aircraft layout, power requirements, and operation must be
arranged in such a way as to minimize contamination of the prop-fan sound

signal by turbofan noise.
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In addition to measurement of near field prop-fan nolse on the fuselage and
interior noise, the testbed aircraft may also provide an opportunity to measure
far field noise during simulated takeoff and approach conditlions. These data
are needed in order to make noise predictions at the FAR Part 36 measurement
points. Current far field noisc prediction procedures for the prop-fan require
substantiation by test data. These noise measurements cannot be accomplished
under static test conditions because of the present lack of understanding of
the use of static test data. Although previous work has been done in
permitting wind tunnel noise measurements teo be used to predict far field
noise, predictions obtained in this manner on a large scale propeller should be

auvgmented by flight data.
Performance

The main objective 18 to confirm the performance by evaluating a prop-fan of
large scale slze, such as 8-10 feet (2.44-3.05 m), and shape with a realistic
nacelle configuration at the critical design conditions (i.e. efficiency,
pressure, velocity distribution, swirl, etc.). Altitude and Reynolds number
are not consldered to be an Llssue. Testing should be performed in a wind
tunnel, over the full Mach number range with a wide variation in power loading
and tip speeds.

In the field of performance, there are three technological needs that should be
investigated: namely, the validation of the aerodynamic performance; the
evaluation of the installation ecffects and; nacelle and inlet configuration
definition. All of these technological needs can best be met in a wind tunnel
test and in the order of prioricy indicated.

The last two items should be investigated in model scale rather than full scale.
Acrodynamic Performance Validation.

The prop-fan performance levels established by the small model tests conducted
under the NASA Advanced Turboprop Project are expected to be achleved by the
full-scale prop-fan. However, a performance test on a large scale prop-fan is
important to confirm the expected performance and to provide data for designing

future configurations with improved efficiency.
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Since the countrolled conditions in wind tummel testing have proven to provide
more accurate and repeatable measurements than 1s possible from flight tests,
this performance confirmation test should be accomplished in a large-scale,
high-speed wind tunnel., In fact, the same hardware to be used in the

structural and acoustle flight test later may be used In a wind tunnel.

The performance measurcments from this test with asctual full scale flight test
hardware, (i.e. prop-fan, nacelle without the wing) are important since these
data will include such effects as surface smoothness, manufacturing tolerances,
gsplnner-to-blade juncture, aercelastic deflections under operating loads and
full scale Reynolds number, etc. These above-mentioned shape effects are not
included in the existing model test data. The complete performance spectrum of
interest should be defined in this wind tunnel test. Accordingly, the test
schedule should cover a tunnel Mach number range from near static through 0.8 -
0.85 for a wide range of power loading at tip speeds from 500 (152) chrough 900
ft/sec (274 m/sec). Reverse thrust performance, windmilling and feather drags

should be investigated as part of the test program.
Installation Effects Evaluation

The effect of the prop-fan and nacelle interaction may require that the wing be
modified to accommodate the prop-fan slipstream with no significant performance
penalty. The basic investigation should be conducted in the wind tunnel on a
small scale, semi-span model. This program 1s required to provide aerodynamic
data for establishing the "optimum" nacelle location on the wing, the nacelle
and wing interface geometry, and the wing modifications required to maintain or

improve wing performance in the presence of the prop-fan slipstream.

The large-scale flight test vehicle will not be preferrred for acquiring the
detailed data needed for the production design because the testbed wing is not
a supercritical wing of the type anticipated for the preodudction alrcraft, the
propeller/wing size relationship is incorrect, and the thrust minus drag data
is not as accurate as can be obtained in a wind tunnel with a straln-gage
balance. However, the overall aircraft performance obtained from flight test

data can provide information for assessing the overall propulsive efficiency.
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In this case, the performance measurements should be made on an alrcraft

designed for a prop-fan propulsion system rather than a flying testbed where

the prop-fan engine provides a small portion of total thrust.

A more precise means of establishing propulsive efficiency would be from wind
tunnel measurements on a large scale prop—fan and nacelle installed on a
semi-span aircraft model . However, the tunnel slze and scale effects to
obtaln proper wing performance becomes & question. The airframe manufacturer
is best qualified to recommend the wing size and wind tunnel for this
evaluaticn. For the best installation, the wing and fuselage forces should be
measured on a balance separate) from the prop-fan and nacelle forces. The

prop-fan data should be obtnined from thrust and torque meters installed in the

nacelle and, finally, the triction drag on a nacelle should be measured on a
separate nacelle balauce. In this manner the effect of prop—fan slipstream on
the aircraft cemponuents may be established as well as the performance of the
prop-fan 1in th.: presence of the alrcraft. These detalled measurements could

not he made on any practical flight test vehicle.

hacelle and Inlet Configuvation Definition

The shape of the nacelle integrated with the prop~fan is lmportant to achieving
high efficiency at high flight Mach numbers. The prop-fan models tested to
date have incorporated a carefully configured nacelle to minimize blade root
Mach numbers thereby reducing compressibility losses. However, neiltber the
effect of nacelle shape on alrcraft performance nor the effect of engine air
Inlet shape on prop-fan performance and inlet pressure recovery have been
investigated. This research task should be conducted 1in the wind tunnel on
small models. When an optimum nacelle/inlet configuration has been
established, a large-scale wind tunnel test should be performed to determine
the efficiency, nacelle drag, and inlet pressure recovery. For the flight
research program, the inlet pressure recovery should be messured, even if the
nacelle and inlet shapes are not optimized configurations, in order to
establish inlet pressure recovery levels actually achieved by the prop-fan

inlet at high Mach numbers and Reynolds' number.
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Summary of Prop-fan Testbed Program Priorities

Assessment of the priorities for the testbed program objectives is based on the
relative lmportance of the structural integrity, acoustic environment and

aireraft performance technological arcas.

The areas of technological need can be summarized as indicated below:

Priority 1 - 1Integrity of the prop-fan structure which includes the vibratory
response to aerodynamic flow fields, the prop-fan stall, and classical flutter

boundaries.

Priority 2 - Passenger cabin acoustic and vibration environment. Areas of

congcern are:

o evaluation of prop-fan acoustic loads on the fuselage, including the

effects of prop-fan synchronization and opposite rotation, and

o eifectiveness of sidewall acoustic treatment in reducing prop—fan

nolse transmitted to the interior.

Priority 3 - Aircraft performance, although important, should not jeopardize
satisfying the more important structural integrity and acousilec requirements,
The performance areas of concern are validation of the aerodynamic performance,
evaluation of the installation drag effects, and definition of the nacelle and

inlet performance.

TESTBED ACOUSTIC OBJECTIVES

In order tov galn —-ceptance of the prop-fan as a propulsor for commercial
alccraft, an acceptable solution to the interior noise problem must first be
demonstrated to the customer alrlines. Questions that should be addressed in

the area of acoustics include:
o Can interior noise and cabin vibration levels be obtained in prop-fan

aircraft that are comparable to the levels Iin present turbofan

alrcraft?
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o What 1is the welght penalty associated with attalning low interior

noise levels and how does this welght penalty affect operating costs?

o Can prop-fan alrcraft meet present and future flyover noise

regulations?

This study will investigate the ability of either a flylng testhed aircraft or
a wind tunnel test program to provide answers to these questions. It 1Is not
anticipated that either test program would completely answer all of the
questions, however, the relative werits and shortcomlngs of each program will

be discussed.

Measurement of the noilse generated by a large scale prop-fan during flight
conditions is necessary in order to determine acoustlc levels and directivities
in both the near and far field. The near fileld information will provide input
for fuselage structural design to prevent sonle fatigue, and for acoustic
treatment design to reduce interior noise. These tasks vequire precise
definition of the external noise fleld acting on the fuselage in order to
attaln maximum design effectiveness at minimum welght penalty. Present
propeller noise prediction procedures and model propfan wind tunnel test data
are useful for preliminary design studies, but require verification before more
detailed design work is performed. The accuracy of existing prediction
procedures remains in questlon, as does the effect of scaling model prop-fan
wind tunnel data to full scale propellers. It is anticipated that noise data
from the testbed program will provide the means for verification or

modification of the prediction procedures.

Measurement of far field noise is needed to show the abllity of a prop-fan
powered aircraft to meet present and possible future flyover noise regulations.
Current procedures for prediction of prop-fan far field noise require
verificatlion before they can be used with ary degree of confidence. Accurate
far field noise estimates will be needzd before guarantee discussions can take

place with customer airlines.
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The task of designing acoustic treatment to reduce interior nolse requires that
measurements of fuselage vibration and cabin nolse be made first without any
acoustic treatment, so that the nolse reduction afforded by the fuselage can be
determined. The diffarence between the cabin noise level without any acoustic
treatment and the interior noise goal will be the amount of noise reduction

that must be provided by the treatment.

Measurement of fuselapge vibration and cabin noise will also provide a means for
evaluation of the structural response analytical models that are used to
predict interior nolse levels. The data will show how the structure responds

to the external noise field and how it radiates the noise to the interior.

The testbed aircraft will also be used to test the effectiveness of various
acoustle treatment designs. The actual performance of several trim panel and
sidewall cavity treatment configurations can be compared against predicted
performance and the performance required to meet the interlor noise goal. It
is important that the ability of an acoustic treatment design tc meet the
interlor noise goal be demonstrated to galn airline customer acceptance. These
data will also provide the information necessary to compute the minimum weight

penalty actually needed to attain the desired interior noise level.

As a byproduct of the testbed program, data will be avallable to determine tha
effects of scaling model prop-fan wind tunnel data to a large scale propeller.
Determination of scaling =ffects would make existing model prop~fan data much
more useful and also may enable future model prop-fan test data to be used for

parametric studies of full-scale designs.

To summarize the previous discussion, the acoustic objectives of the testbed

program are listed here in order of importance:

© Measure prop-generated near field and far field noise during

representative ground and flight conditioms.
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o Measure passenger cabin nolse and fuselage vibration during crulse

flight zonditions.

o Determine the effectiveness of various types of noise control

treatment in reducing passenger cabin noise.

o Evaluate prop-fan opposite rotation and synchronization effects.

o Determine the effects of scaling model prop-fan noise data te large

scale applications at representative flight conditions.

o Obtain data to verify or modify existing theoretical prediction models.

¢ Obtain data to develop procedures for predicting FAR Part 36 noise

levels.

Resolution of Acoustic Objectives

The resolution of acoustic objectives may be accomplished by testbed aircraft
or by wind tunnel testing. The following discussion addresses these two
methods.

Resolution by Testbed Aircraft.

A flying testbed aircraft will provide a highly desirable means of
accomplishing most of the acoustic objectives listed above. A flying testbed
wlll provide the direct means for verification of the various prediction
procedures that are currently being relied upon rather heavily; and in
addition, it will provide an opportunity for potential customer airlines to
witness a large scale prop-fan installation. The ability to attain acceptable

interior noise levels can also be demonstrated.
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Regarding the ability of the testbed program to accomplish the stated acoustic
objectives, measurement of near field noise levels and directivity can be
accomplished by means of an array of external microphones flugh-mounted to the
fuselage skin. Precisc definition of the external noilse fleld during flight 1s
needed to formulate detalled predictions of fuselage response. The external
microphone array will be designed to measwre the levels and spatial
characteristics of the external noise field, including relative phase. The
microphone signals will be recorded simultaneously on a multl-track recorder so

that phase information can be obtained through appropriate data analysis.

It is desirable to measure prop~fan generated far field noise with the testbed
alrecraft. Normally, the preferred method of accomplishing this would be to
conduct actual takeoffs and approaches. However, the proposed testbed ailrcraft

is currently restricted to operation at altitudes above 15,000 feet (4572 m).

The 15,000 foot (4572 m) altitude restriction may be removed if wind tunnel
testing verifies that the testbed aircraft can be operatad safely at lower
altitudes. Nolse measurements may thus be obtained in a low-altitude level
flyover, or in a low-altitude descent. These noise measnrements may then be
used to validate or improve the prop-fan far fileld noise prediction methods,
which can then be used to estimate the aircraft's noise characteristics for

other flight conditions.

Alternatively, far field noilse data may be obtained under forward speed
conditions during taxi testing. It 1s suggested that noise measurements during
taxi tests be included isn the testbed program even if it is determined that
level flyovers are pcssibtle. The taxl tests will provide backup data in the
event that the rlyover data quality is poor. The taxi measurements also have
the advantage of being uncontaminated by turbofan noilse. Furthermore, the taxi
data can be used for comparisons with the flyover data and ground static data
to obtain a better understanding of the effects of forward speed on propeller

noise.
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The ability to use propeller nolse measured under ground static conditions will
become a necessary part of any future production program. The prop-fan testbed
aircraft will provide an opportunity to obtain both ground static data and data
under forward speed conditions (either during level flyovers or taxi testing,
or both). As discussed later in this report, the problems associated with the

interpretation of static propeller data may not be Insurmountable and,
therefore, these measurements should be obtained as part of the testbed

program. In addition, far field noise measured during ground static runup will

yield information useful for alrport community noise assessment for ground

operations prior to brake release.

Prop-fan near field noise will be measured using the fuselage flush- mounted
microphone array during ground static, taxi, and flight operations. In
addition to characterizing the prop~fan noise field on the fuselage under these
conditions, the data can be combined with accelerometer and interior microphone

data to identify fuselage response and transmission loss.

Passenger cabin noise will be measured using microphones located both near the

sidewall and at the center of the aircraft at appropriate locations along the

length of the cabin. Cabin noise will be measured for both treated and
untreated (barewall) sidewall configurations. The barewall measurements will

permit determination of fuselage noise reduction, when compared to the noise

levels measured by the exterior micraphones.

Cabin nolse measurements with sidewall acoustic treatment will yileld data on
the noise reduction of the various treatment designs. The extent of the
prop-fan noise field in the cabin and the ability of certain acoustic

treatments to meet gpecific interior noise pgoals will be determined with the

interior microphone system.

Fuselage shell wvibration will be measured using accelerometers mounted on
selected skin panels and stiffeners. These data, along with the data gathered
on the external noise field from the fuselage flush mounted microphones, will
permit characterization of the dynamic shell response, including amplitude,

phase, skin velocity, wavespeed, and frequency response.
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The inflight shell vibration data will be used with the barewall data from the
interlor microphones to check the ability of the structure to radlate sound
energy to the interior. This property, known as radlation efficiency, is
related to skin velocity, wavespeed in the structure, and wavespeed in the

acoustlic medium.

Additlional tests that will be performed to identify the Interior acoustie
enviromment include reverberation time measurements of both the barewall and
treated configurations. Reverberation times are needad in order to calculate
values of cabin acoustic absorption. Calculation of cabin absorption allows
conversion from noise reduction (a measured quantity) to transmission loss (an
acoustic property of the material) for the fuselage structure and acoustile
treatmenta, Assuming the inner surfaces of the various trim panel designs c¢.e
not too different, one set of reverberation time mecasurements will be
satisfactory for all trim panel configurations. In order Lo perform this test,
multiple sound sources of pink noise will be placed in the cabin. The same set
of iInterlor microphones used for the other portions of the test program will

act as receivers.

Comparison between the interior microphone measurements with and without
acoustie treatment, in conjunction with the corresponding interior absorption
measurements, will permit determination of the effectiveness of the various

acoustic treatment designs that are tested.

There are several potentially important noise and vibration transmission paths
from the prop-fan system to the aircraft interior. These include
structure-borne transmission paths, which are not addressed in this study,

however, this subject will be addressed in future work.

For the major portion of the testbed program, acoustic treatment designs will
all be of _he type known as "add-on"; i.e., not requiring modification of the
primary fuselag: structure. The only modifications that will be made to the
basic structure will be for prevention of failure due to sonie fatigue. These
necessary structural modifications will probably be accomplished by the
addition of frame and longeron sectlons, an increase in skin gauge, or the

additicn or skin doublers in the vicinity of the prop plane.

30



Acoust?: treatment designs to be included in the testbed program will be
designed to be interchanged with or added to existing trim panel structure or
blanket systems. Approaches that will be evaluated include increased trim
panel mass and stiffness, use of honeycomb trim panels, increased skin-to-trim
panel distance, damping added to skin panels, and introduction of limp mass
fnto the blanket system. A later portion of the testhed program will involve
the testing of an acoustie treatment design which requires modification of a

section of the bagic fuselage astrueture. The advanced treatment may consist of
isogrid outer structure, modified standard structure, or possibly some other

concept. The advenced treatment concept to be used on the testbed aircraft
wr1ll be selected based on results of laboratory acoustic treatment development

testing.,
Determination of the effects of scaling model prop-fan near fleld noise data to

large scale applications can be accomplished using data from the flylng testbed
program. Tt 1is erpecially desirable to scale the model prop-fan data te data
acqulired during €lipht because the effects of pressure, temperature, flow

field, and forward speed will all be present in the flight data.

Acoustic objectives of this study that can be accomplished by a flying testhbed

program are as follows:
¢ Measurement of prop-fan near field and far field noise.
© Measurement of passenger cabiln nolse and fuselage vibration.

o0 Determination of the effectiveness of various types of acoustic

treatment,

0 Determination of the effects of scaling model prop-fan noise data to
large scale applications at vepresentative flight conditions.
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The only acoustic objective of this study that cannot be accomplished in the
flying testbed prrgram is the measurement of prop-fan far field noise during
takeaff and approach. 1In addition, measurement of far field nolse during level
flyovers (or descent) may not be allowed because of the previously discussed

flight envelope altitude restriction.
Kesolutlon by Wind Tunnel Testlng:

Resolution of the acoustic objectives of this study by means of a wind tunnel
test program is incomplete for some of the objectives and impossible for the
ethere. At low Mach numbers measurcment of near field nolse generated by the
prop-fan is possible in a facility such as the NASA Ames 40 x B0 foot wind
tunnel., Maximum Mach number for this facility 1s approximately 0.45, which is
far below a crulse condition Mach number of 0.8Q0., Furthermore, the problems of
ambient noise and tunnel wall acoustic reflectlions must be dealt with. The
perimeter of the test section can be lined with sound absorbing material (this
has been partially done in the past), which 1is expensive and relatively
ineffective at the low blade passage frequency of the prop-fan. Overspeceding
the prop-fan 1s not recommended because of problems in interpretation of the
acoutilc data, and also it 18 not compatible with other nonacoustic objectives
of the test program. Acqulsition of good near-field noilse data inside a wind
tunnel is uncertain at best, and it 1s not representative of cruise flight

conditions.

The acquisition of far field nolse data in a wind tunnel 1is even more uncertain
than the acquisition of near field noilse data. Far field noise measurcments
can be made in the 40 x 80 foot Ames wind tunnel for locations near the
prop-fan dizc plane. Depending on the location of the propeller test rig, it
may be possible to place microphones up to 350 £ t (15.2 m) away from the
prop-fan tlade tips, which is 5 prop-fan diameters away from a 10 foot (3.05 m)
diameter prop~fan (the propeller far fileld is generally defined as beginning
approximately 3 or 4 propeller diameters from the blade tips). However, high
ambient roise levels and tunnel wall accustic reflections may present severe,

if not insurmountable, problems to acquisition of good acoustic data.
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Far tileld woise aay be weasured under ground static conditions on an outdoor
test rig such as the MDC QLAETsite engine test stand located in Quartsite,
Arizona. This requlirves a separate installation and does noc Include mounting
the prop~fan on a wing/fusecluge section. Problems assoclated with the
[nterpretation of gtatic propeller nalse data may prevent it from belng useable
without knowledge of preper dats ceduction techniques and adjustment Eactovs,
These statle~to-flight adjustments have to be determined based on comparison of
the stntie data with fiight data ({f they can be detormined at all).
Therefore, (t {8 doubtful that the measurement of far field nolse on a static

test steand only will yield uscable information.

Measuroment of passenger cabin nolgse and vibration and the determination of the
effectivencss of noise countrol treatment cannot be accomplished 1n o wind

tunnel test progliuam.

Assuming pood noar field nofse data can he obtalned on o 10 foot (3.0% w)
diameter prop-fan In the 40 x 80 foot cunnel, effects of scaling model prop-fan
data to large scale applicatisnyg can be attempted. A problem that may be
encountered fn the determinatlon of scallng factors 1s that the cffect of
forward specd may not be adequately rvepreseoted {n the 10 foot (31.0% m)
dlameter prop-fan data because aof wind tunnel flow speed liwitatfons. This
factor leads te a great deal of uncortalnty as to the valldity of scale factovs
determined from a wind tuanel test program. Testing the 10 foot (3.05 w)
diameter prop-fan {n 8 smaller hiligh-speed wind tunnel will not yield usable

acoustic datn becaase of the test sectilon space limitations,

Acoustie objectives of this study that can be accomplished by a wind tunnel
test program are, thevefore, limited to the following:
0 measurement of near fleld notse during low Mach number {low
condicions (0.45% Mach);
o  meagurement of far field noilse {n the prop-fan disc plane during
ground static conditlons on an outdoor test rig (requires
separnte (nstallation);
0 determination of scaling effects on near fleld nolse at low Mach

number (0,45 Mach).
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Acoustic objectives of this study that can not be accomplished by a wind tunnel
test program include:
o measurement of prop-fan near field nolse at cruise Mach numbers;
o determination of scaling effects on near field noise at cruise
Mach numbers.
o measurement of far field nolse during formal £light;
o measurement of passenger cabin noise and vibration;

o determination of the effectiveness of acoustic treatment.

In view of the numerous acoustic limitatlons of a wind tunnel test program, It
is highly recommended that the flyipg testbed program be undertaken. The
flight testing of a large scale prop-fan installation will have a much greater
abllity to convince user alrlines of the feasibility of operating this type of
alrcraft than will results of wind tunnel testing. In addition, the f£light
test program will provide very valuable information enabling building a more

cfficlent and quiet aircraft.
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INTEGRATED PROP-FAN/AIRCRAFT AERODYNAMICS ASPECTS

Table 1 lists the major aecrodvvamic objectives required to verify feasibility
of the prop-fan installed on an alrcraft. These are listed in order of
priority for each method of test (flight and wind tunuel).

TABLE I

AERO OBJECTIVES TO VERITFY FEASIBILITY

ACCEPTANCE OF PROP-FAN

Wind Tunnel Test
Flight Test Large Scale
_Objectives Large Scale | Partial Span Model

(1)

Ailrerafe Characteristics
o Speed and fuel burned X -

o Flying qualities with
power application

o Stall characteristics
(augmented thrust)

o Downwash at tail with
powar on

Propulsive Efficiency(l)

o Thurst minus drag
o Nacelle/wing contouring

o Propeller inflow veloclty
and angle

Inlet/Engine Compatibility - X

. -

(1} Prefer using subscale wind tunnel tests.
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Alrcraft Charcteristics

The most important characteristics of a prop-fan powered aircraft are speed,

fuel burned, handling characteristics and flying qualitlies. Full span subscale

wind tunnel tests at both high and low speed can be used to determine the

preliminary aero characteristics and develop the details of the wing/nacelle

contouring. The advantages of subscale wind tunnel testing are

i+

0

)

4]

proper englne/prop/wing size relationship;

accurate force measurements using a balancej

safe exploration of operational envelope;

lower cost and less time consuming geometry modifications required to

optimize wing/nacelle shape.

There are several factors that subscale wind tunnel tests do not take into

account.

These are:

Reynolds number effects - low Reynolds numbers will result in
unrealistic boundary layer displacement thickness modifying the
effective aero external lines which will affect the drag and aero
characteristics; thus premature boundary layer separations can also

occur.

Engine inlet flow effects -~ the subscale tests will have propeller
drive air supplied externally thus the engine inlet flow cannot be
simulated. Therefore, lanlet drag characteristics and interactions of

the inlet with the propeller and wing cannot be measured.

Excrescence drag - the drag of surface roughness, cooling airvflow,

leakage, etc., can only be reasonably determined in large scale tests.

Drag due to lift - wind tunnel wall effects and low Reynolds numbers

affect the induced drag.
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The large scale flying testbed will closely simulate Rynolds' numbers
experilenced on the production aircraft., The flowing inlet will be present and,
since it is flight hardware, the excregcence drag and induced drag will be

properly simulated.

Propulgive Efficiency

The propulsive efficiency is defined as

no o= (T-D) v,
550 SHP
where (410,1 Kw)
T - prop—-fan thrust - 1b
D - drag of installation - 1b
SHP - shaft horsepower
v - flight speed - ft/sec

The flight representative thrust minus drag (T-D) term can best be obtained
using a flight test. Technical issues are nacelle/wing drag, propeller plane
flow conditions for maximum thrust prop~fan design, and prop-fan efficiency.
High Reynolds number flight hardware roughness, and the presence of the flowing
inlet are required to obtain representative nacelle/wing drag and propeller

thrust. This can only be done at large scale using the flying testbed.

Inlec Engine Compatibility

A test of the engine inlet and measurements to establish compatibility with the
engine can be adequately performed using a partial wing span flight size model
in the wind tunnel. The inflow angle and velocity errors resulting from a
partial span wing (See Section VII for further discussion) are considered small
enough to warrant a test of this type. Large scale is important to obtain the

correct boundary laver characteristics inside the inlet duct.
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INTEGRATION OF MECHANICAL CONTROLS WITH ENGINE AND PROP-FAN

The prime responsibility of selection of existing or modifled controls for the
engine and for the prop-fan, suitable for the testbed research alrvcraft, is
considered that of the engine or prop-fan manufacturer in conjunction with the
airfran -+ In the case of the prop~fan, the controls, pitchlock, and prop-fan
pitch control mechanisms are designed by Hamilton Standard and are discussed
herein in Task II. The engine and the assoclated gearbox design and/or
modifications, unique to the turboshaft system, are the engine manufacturer's
task. In the case of ¢ne gearbox, it is felt that realistic full scale sizes
of 15,000 SHP (11,185 Kw) or under are within the present state of the art.
The question of opposite rotation of the prop-fan 1s one which is quite
feasible but will require modificatieon of the gearbox. These are questicns
directed to the engine manufacturer. Discussion of this activity is inclvded

in Task II of this report.

INTEGRATION AND COMPATIBILITY OF PROP-FAN/INLET/ENGINE

The inlet design and its match to the prop—fan and engine under the required
mission operating conditions 1s ecriticeal to the design of a "near-optimum”
prop~fan alreraft. The scope of the testbed study as consldered herein does
not include the allowance for necessry work relative te the inlet design
optimizations; this "optimization" work should be a necessary tashk included in
any plans for follow-on testbed work. Mach number and pressure operating
conditions ahead of the inlet but aft of the prop-fan are critical to the inlet
design. These Mach numbers and pressures are not kaown at this time.
Therefore, the inlet shown throughtout this study 1s a reprvesentation; before
the testbed 1s flown, the inlet placement on the aircraft, the internal and the
external inlet contours will have been properly substantiatced. This work must
be done by the airframer in close coordination with both engine and prop-fan

manufacturer.
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TASK II
CANDIDATE PROPELLER DRIVE SYSTEMS

ENGINE /GEARBOX

The turboprop testbed system study involves the assessment of feasibility of
three separate engines. These engines are the General Electric T64 and the
Detroit Diesel Allison T56 and T70l. The role of the flight testbed on
propulsion technology issues is summarized in Figure 3. Various prop-fan

installation arrangements studied are shown in Figure 4.

ELEMENT ISSUE TESTBED ROLE
PROPELLER STRUCTURAL INTEGRITY DEMONSTRATE STRUCTURAL
OF THIN-SWEPT BLADES INTEGRITY WITHOUT FLUTTER
GAS GENERATOR NO ISSUE PROVIDE DATA
FOR DESIGN
GEARBOX MAINTENANCE PROVIDE DATA
COSTS FCR DESIGN
CONTROLS NO ISSUE PROVIDE DATA
FOR DESIGN
LOW SPOOL OPTIMUM DEVELOP DATA
CONFIGURATION FOR DECISION
PROPULSION COMMON VERSUS OEVELOP DATA
SYSTEM GPPOSITE ROTATION FOR DECISION
OPTIMUM
ARRANGEMENT

C-GENRT A

FIGURE 3. ROLE OF FLIGHT TESTBED ON PROPULSION TECHNCLOGY ISSUES

A
f , - —— e
FAN OFFSETHIGH 71~ 7=
UTWENGINE T % T
U‘v:’;; LS
FAN INUNE ==
OTW ENGINE
FAN OFFSET LOW
OTW ENGINE
FAN INLINE
UTW ENGINE
FAN OFFSET HIGH -
OTW ENGINE

LT LR

FIGURE 4, PROP-FAN INSTALLATION ARRANGEMENTS
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The avallability of suitable gearboxes 1s considered in evaluation of these
engines for the DC-9 prop-fan testbed. In evaluating the engines for the DC-9
prop-fan testbed, 1t 1s determined that in ecach case the most appropriate
gearbox orientation is pinton low, This pinion low mounting produces a
favorable ground clearance aud still provides for access to the engine,
gearbox, and accessorles in the engine compartment. In each case tha engine is
mounted forward and above the wing with the engine tailpipe routed over the

wing and exhausting in the vicinity of the wing trailling edge.

In working out a control system which will meet the needs of the DC-9 prop~fan
testbed aircraft, and considering the control systems used by the three
candidate engines, it becomes clear that a suitable control system can be
devised which is not drastically different than the basic system used for each
engine. Therefore, any of the control systems of the three engines under
consideration for the testbed application can be suitably modified to fill the

needs of the test program as vigualized,.

Of the three engines under consideration for the prop-fan testbed program, one,
the Allison T56, is a single shaft design and the other two, the General
Electric Te4 and the Allison T70l, are dual shaft (free turbine) designs. In
the single shaft design the specified tip speeds of 800, 700 and 600 ft/sec
(244, 213, and 183 m/sec) can be met by varying turbine RPM. This drastically
lowers the maximum available power loading, SHP/D2, because the shaft
horsepower available 18 a strong function of compressor and turbine RPM. For
example, If the prop~fan i{s sized to produce a cruise SHP/DZ of 37.5 (301
Kw/m2) at a tip speed of 800 ft/sec ("44 m/sec) at 100 percent rated engine RPM
the maximum available SHP/D2 drops to 17 (13° Kw/m2) when the engine speed is
reduced to produce a tip speed of 600 ft/sec (183 m/sec). As the requirements
of the testbed capability specifies a SHP/DZ of 26 (209 Kw/mi) aL 600 ft/sec
(183 m/scc), it is obvious that either three separate gearboxes or one gearbox
with several gear changes will be required to maintain the engine at or near
its rated RPM. The alternative of sizing the prop~fan for the cruise disc

loading of 26 (209 Kw/m2) results in a smaller diameter test prop—-fan.

In the case of the free turbine (dual shaft) design, this speed reduction does

not have such a drastic effect. Assuming, as above that the prop-fan is sized
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for a cruise SHP/D2 of 37.5 (301 Kw/m2) at a tip speed of 800 ft/suc (244

m/sec) at 100 percent englne rated RPM, the maximum SHP/DZ would drop to 32
(181 Kw/m2) when the power turbine is slowed to produce a tip speed of 600
ft/sec (183 m/sec).

These results are summarized in the following table:

TABLE 2

COMPARISON OF SHP/D® CAPABILITIES

i ——— e e ——— —

Percent of Rated

_ _Engloe RPH |

Prop~Fan Tip Specd

_Ft/Sec, (mfoee) o . SI[PIDl!,(Kw/mz) feemme
___Stugle Shatt Bual Shaft I
T56 8 Ft (2,44 m) | T/O1 10 Fr (3.05 m)|[T64 7 Ft 2,13 m)
B __.Propeller A _fropeller | CPropeller |
BOO (244) 37.5 (101) 37.5 (301) 37.5 {301)
700 (213) 22.5 (181) 4.6 (278) 3,4 (276)
600 (183} 11,31 (139 32.4 (260) .6 (252)

Mnx ftnum Available

]

If necessary,

Deaign Point
_supsn?, kuin®

37.5 {301)

pu—

the dual shaft engines could be equipped with gearbox changes or

changes to a gearbox which would permit testing over the full range of SHP /D2
of 37.5, 30 and 26 (301, 241 and 209 Kw/m2) at the tip speeds of 800, 700 and
600 ft/sec (244, 213, 183 m/sec).

1t is worth the additional expense of the gearbox revisions for the dual shaft

The point which must be weighed 1s whether

engine to obtain the full range of SHP/D2. In the case of the single shaft
engine it is obvious that, with an 8 foot (2.44 m) prop, the requirements of

the prop-fan testbed program cannot be met without the gearboxX modifications.

The
In

Each engine type is available for use on the prop-fan testhed program,
Allison T56 and the T701 can be bailed from one of the milicary services.
the case of the T701, its possible use on an Army project may necessitate that
This

possible substitution of the commercial version of the engine for the T701

the testbed program use the commercial version 7570) of the T701.

entails little change in the testbed program. The General Electric T64 engine,
although somewhat small for the prop-fan diameter desired on the testbed

program, may be provided by General Electric.
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Each engine/gearbox combination has a somewhat different mode of cooling the
oil. Each engine/go.~box oil cooler arrangement has been investigated and each
are amenable to adaption to the DC~% prop-fan research vehicle. Hardware has
been identified which will suffice for the prop-fan testbed program. For
onposite rotation on the prop-fans, an idler geac must be added to the gearbox

system,

Since it is envisioned that the testbed alrcraft will not be taking off and
¢limbing with the prop~fan engine in operation it will be necessary to provide

for a means of in-flight starting.

A typlcal power management schedule for the testbed ailrcraft, from takeoff to
test altitude and speed may be such as follows:

0 begin test with feathered gropeller and windmilling engine;

0 start gas generator in flight at low Mach number and altitude;
o move from feather to test RPM with pltch schedule for zero thrust;
o increase piteh to test value.

The prop-fan blade angle must operate from a pltch setting for zero thrust, as
a function of RPM and Mach number, throughk a setting of positive thrust to a
setting for negative thrust. Safe operating conditions must be ensured
throughout the above-men:ioned procedures. Two conditions in particular are of
concern, namely:
0 rapld RPM changes possible from changes in blade pitch of the prop~fan
or pas generator power, (low pitch lock and negative torque system),

and

o high drag resulting from flat pitch (inflight pitch lock).

Effective safety procedures or devices useful during these operating conditions

may be
o overspeed pgovernor
0 Eeatheflng
0 piveh lock
o propeller brake
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Figure 5 presents a comparison of a current 13.5 foot (4.12 m) turboprop
installation with an advanced 8.0 foot (2.44 m) diameter prop-fan installation.
The drive system is identical but the diameter of the prop-fan is 40 percent

smaller than the conventional propeller installation.
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U5, NAVY P.3 ORION INSTALLATION
PINION HIGH T-56-A-14 ENGINE

13.5-FT-DIA (4.12m)

4-BLADE PROPELLER —
800-FT-DIA {7 ——u}
(244 m) STy
8- OR 10-BLADE !
PROPELLER ; I

N \\‘. _i -
PROPFAN INSTALLATION

PINION LOW T-56 ENGINE

| MOGEN 27996
-

FIGURE 5. COMPARISCN OF ADVANCED AND CURRENT INLET/PROPELLER RELATIONSHIP

Other critical considerations In the selectlon of a propulsion system include

such as:
o inline versus offset gearbox
0 comaon versus opposite rotation of the prop-fam, and
0 two spool versus three spool engine.
0 free rurbine versus single shaft
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The gearbox configuration and location not only affects the prop-fan ground
clearance but is influential on the inlet design. In general, aerodynamically
and acoustically the opposite rotation of wing-mounted prop~fans (both rotating
upward and inboard to the fuselage) 1s favorable. However, considerations such
as development and tooling costs, spares, noise, performance, and operational
adaptability must be taken into account. Other considerations include an
engine company study of the two-spool versus the three-gpool engine, the uge of
a free turbine versus a fixed shaft desipn to meet off-design requirements, and

the effect of these on engine slze and weight.

Critical control systems required for satlsfactory operation of the prop-fan/

engine propulsion system are

o prop—fan control
o engine control, and
o prop-fan/engine coordinator

Hamilton Standard recommends the modified 54H60 prop—fan control as expeditious
and satisfactory for the testbed aircraft. Discusslons of the necessary
modifications, for the testhed or the existing 54H60 propeller control, is in
subsequent paragraphs. In the case of the engine control for the testbed
aircraft, Allison recommends a modification of the supervisory electronic
rontrol such as is on their T701 engine. The prop-fan/engine coordinator is a
.angle lever which permits the pilot to readily control the two-ungine testbed
aircraft. This coordinator is considered a requirement for a two-engilne
testbed installation; it is still considered necessary to have individual
engine throttle and propeller pitch levers.

T701 Engine/Modified T56 Gearbox

The T701 engine clearly has the advantage over the other two competing engines
in that it has the highest shaft horsepower capability and is therefore capable
of swinging a larger diameter prop-fan. It also has a free turbine. With the
T701 crulse power available, & 9.5 foot {2.90 m) diameter prop-fan gives the

maximum cruise SHP/D2 of 37.5 (301 Kw/m2) at Moryise of 0.8 at 35,000 feet
(10,668 M).
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Detrcit Diesel Allison (DDA) has proposed that the enerine control system, which
can f1ll the needs for the testbed aircraft, be a modification of the control
system devised for controlling the T70! engine as originally planned for use in
the Heavy Lift Hellcopter (HLH) program. {(In that HLH program, three T701l
engines were connected to drive one hellcopter rotor. All of the engines would
have been connected to the rotor drive mechanism but each would be controlled
utilizing torquemeter Information so that each engine would take its
proportionate share of the load.) Allison has consldered the modifications
necessary for the DC~9 testbed installation and an all electronic system is

proposed.

Since this 1s a fly-by-wire control system, it is possible to vary the prop-fan
tip speed by changing the prop-fan governor setting and thus controlling the
output torque of the power turbine. This 1is much easier and less expensive
than changing gearboxes or gears inside of gearboxies such as is required in the
case cf the fixed shaft T36 engine. If the prop-fan is sized to have a SHP/DZ
= 37.5 (301 Kw/m2) at 100 percent engine RPM at 35,000 feet (10,668 m) and a
Mach number of 0.80, the following maximum power loadings (SHP/D2) are
attainable with the T70] engine asp a function of prop—fan tip speed at the same
flight speed and attitude.

Prop—~Fan Tip Speed Maximum Cruise Power Loading
Ft/Sec (m/sec) SHP/D? Available (Kw/m2)
800 (244 37.5 (301)

700 (213) 34.6 (278)

600  (283) 32.4 (260)

The question of the use of a T56 gearbox with a 1701 engine has been pursued

with Allison, Thi= combination produces a countercleockwise prop-fan rotation
{(lcoking forward) which permits the installation of the powarplant on the left
wing with the tip of the prop-fan approaching the fuselage from below. Thereby
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the estimated benefits of lowered induced drag and proup-fan noise may be
achieved. Allison indicates that the main power transmisslon gears of the T56
gearbox will take the larger T701 load while rotating in the opposite
divection, but the accessory drive gear trala rotation needs to be reversed by
use of an idler gear so that the accessories which are driven by the gearbox
will have the appropriate rotational direction (oll pressure and scavenge
pumps). This change 1is required because the direction of rotation of the T701
1s opposite to that of the T56.

If the T70! engilne is used with the T56 gearbox, it will be nezessary to
restrict the engine power output to 5000 shaft horsepower (3,728 Kw) because of
gearbox power limitations. Allison indicates that thds power range can be used
during testing on the DC~9 prop~fan testbed aircraft since these high power
levels will not be required for extended time periods. Thus the amount of
overall running time at high power accumulated on the gearbox will not be
great. Allison also estimates that higher values of shaft power input may be
possible if this level of operation is very limited in time and frequency. The
shaft power capabllity ¢° the 1701 engine at altitudes

above approximately 7,000 feet (2134 m) 1s less than the 5000 shaft hoxrsepower
(3728 Kw) capability of the T56 gearbux. Thus use of the T56 gearbox at
altitude will not be horsepower limited and will not interfere w'th the

collection of the specified cruise data.

The T70! engine lubricating oll system is integral with the engine, and the oil
15 cooled by the fuel that feeds the engine. The T56 gearbox has a separate
lubricating oll system which will require provisions for cooling. The T701
engine has not been in elther military or commercial service. The T64 and the
T56 enpgine have cestablished maintenance centers where these engines can receive
required sevrvice; the T701 has nane. However, for the testbed prop-fan,
arrangements may possibly be made with Allisoa for malntenance of the T70!.
The T701 provides adequate horsepower for a 9.5 foot (2.90 m) diameter
prop~fan, compared with an 8 foot (2.44 m) diameter prop—fan with the T56 or 7
foot (2.13 m) diameter prop-fan with the T64. The larger diameter prop-fan is

a definite advantage for the testbed program.
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To4 Engine/Gearbox

The T64 cngine has a sea level static takeoff rating of 4,380 shaft horscpower
(stp) (3266 Kw) and a 35,000 foot (10,668 m) Mach 0.80 rating of 1,920 SHP
(1431 Kw). \Using the 35,000 foot (10,668 m) rating along with the maximum
specifled SHP/D2 » 37.5 (301 Kw/wd}, the waximum prop diameter perwissible is
about 7 feet (2.13 m), assuming no losses. Of the threec engines under
consideration the T64 has the lowest available SHP and therefore must
necessarily have the smallest diameter prop~fan. On the other hand, 1its Ffree
turbine design allows the engine to achieve the three prop-fan tip speeds
required by the NASA Testbed Program without the need for three separate
gearboxes or, alternatively, one gearbox with three sets of gears. General
Fleetric states that the present T64 gearbox may be modified te a single
configuration to provide the prop-fan speeds needed by the prop-fan testbed
program, however, it 13 mandatory that assurance testing of these revised
gearboxes bhe carried out before the gearbox is used on the prop—-fan testhed

program,

The T64 gearbox and engine have a common o1l system. This feature can be
preserved for the prop-fan testbed installation. The engine and gearbox oil
are circulated through an alrframe mounted and supplied oil-air hLeat exchanger.
The T64 engine is used on the DeHavilland DHC-5 Buffalo, the Shin Melwa
Industries PS-i ASW flying boat, US-1 SAR utility awmphibian, and the Aeritalia
G.222 military transport. General Electric would consider bailing an
engine/gearbox combination to NASA for use on the testbed program if the
engine/gearbox were to be subsequently refurbished to the "like-new" condition.

The gearbox can be used in elther the pinion high or pinion low configuration.

Because the T64 has a free turbine, it 1is possible to clange the prop-fan tip
speced by changing the free turbine sp:ed without losing a large part of the
avallable shaft horsepower. For example, at 315,000 feet (10,668 m) at Mach
0.8, the following maximum prop-fan power loading (SHP/D2) will be available as
a functica of prop-fan tip speed.
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Prop-Fan Tip Speed Maximum Crulse Power Loading
_ Ft/sec_(m/sec) SHP/D2 Available, (Kw/m2)

7 Ft (2.3 m) Prop-Fan

800 (244) 37.5 (301)
700 (213) 34.4 (276)
600 (183) 1.4 (252)

However, the relatively small diameter prop-fan of 7 feet (2.13 m), which is
compatible with the T64 engine, 18 quite a disadvantage to thils testbhed

prop~fan program

T56 Engine/Gearbox

The T56 engine has the advantage of powering in-service U.S5. military and
conmercial aircraft. It alse has a long history of dependability; and its
curvent usage In these U.S5. alrcraft shows it to be readlly maintainable at a
number of military installations. The gearbox and extension shaft also have a
long history of service with the T56 engina in the C-130, P-3, C-2/E-2 and the
Electra aircrafc. The geaxbox Is used in both the pinion high and pinlon low
configurations. The means of maintaining these components are also relatively
widespread in the U.S. and should not present serious problems in this respect

if they are used in the prop-fan testbed program.

Relative to the T701, the low shaft horsepower available from the T56 engine
(2,450 [557 Kw] at 35,000 feet [10,668 m| and Mach 0.80) results in a small
prop-fan (about 8 foot [2.44 m] diameter assuming no losses) to achieve the
specified maximum SHP/DZ = 17,5 (301 Kw/m2). Another disdvantage to the use of
the T56 for the prop-fan testbed engline stems from the Fact that it is a single
spool engine in which eungine power drops off rapidly as engine RPM is

decreased. This i{s demonstrated Iin the following table:
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Tercent of Rated Prop-fau Hax{imup Crulse Power Longlug Dunign Fowsr Loading
_ Eoglne RPN Tip Speed She/nT Avatlable, (Kwfm®) — suE/p?, (Rw/md)
Pt /5ec, {(m/sec) 8 Ft. (2,44 m) Diumotor
Prop~Faun
100 BOO (264) 37.5 (301) 37.5 (101}
47.5 700 (213) 22,5 {181) 30,0 {241)
75 600 (1813) 17.1 (139) 26,0 (209

Allison has proposed that the testbed DC~9 use either three separate gearboxes
or that one gearbox for the T56 installation be reworked with extra sets of
gears to achieve the three prop-fan tip speeds specified in the NASA Statcement
of Work.

It 1s currently envisioned that the control system for the T56 engine and the
prop—fan on the testbed DC-9 will be the same as that which is In use on the
C-130. Here an air/oil heat exchanger is used to cool the engine and gearbox
lubricating oil. The feasibility of using the existing C-130 overall control
system will receive further study if the T56 engine is one of the two carvied

until the end of this prop-fan testbed systems study.

If & T56 engine/gearbex combination is used on the DC-9 testbed alrcraft
without change, a clockwise rotation of the prop-fan (looking forward) will
result. For upward rotation of the propeller toward the Fuselage, which is
desired to minimize induced drag and cabin noise, lustallation on the
tight-hand wing is required. However, depending on the spanwise location of
the engine, the access to the existing DC-9 fueling/defueling coutrol panel may
have to be modified.

49



LARGE SCALE PROP-FAN/PROP-FAN CONTROLS

As part of Task II, Hamilton Standard suggestions of candidate prop-fa~ control

schemes for both solid shaft and free turbine engines are discussed herein.

In selecting a gas turbine drive for the larpge scale prop-fan, various aspects
concerning the operation of the propeller control must be considered.
Consequently, a study is undertaken to evaluate the feasibility of modifying an
exlsting propeller control so that it can be adapted to a testbed drive system.
The use of an all-new control 1ls also considered. The various prop-fan
configurations are based on a full scale SR-3 prop-fan configuration with 8 and
10 blades in 8 and 10 foot (2.44 and 3.05 m) diameters. At 800 feet per second
(243 m/sec) tip speed, the corresponding prop-fan speeds are 1,910 and 1,528
RPM(200 and 160 radians/sec), respectively.

54H60 Propeller Control and Modifications Required

The prop-fan control selected is used with the 54H60 propeller on the Tockheed
C-130 and P3 airvcraft. It readily fits a 60 spline shaft such as 1is used on
the T36 engine, and it also is the control with the highest pumping capacity.
In addition to being compatible with the T56, a solid shaft engine, 1t is also
compatihle with the T70l, a free turbine engine. MHowever, with this T701
installation, additional modification to the 54H60 control will be required in
order to obtain speed variability. The 54H60 control presently operates at
1020 RPM (107 radians/sec) and 1s designed for pump flows of about 60 quarts
per minute(.946 l/sec). A whirl test was performed on a modified 54H60 control
and propeller hub to determine the feasibility of operating at 1,800 RPM (188
radians/sec)(i.e., 80 percent above the design speed) and the capability of
withstanding the loads imposed at this speed. It was concluded from those
tests that the 54H60 control, with minor modifications, can be operated at
1,800 RPM (188 radlans/sec) if adequate cooling is provided to the transfer
bearing. The minor modifications include removal of items such as flyweights,
low pitch stop levers, the main pump drive gear, speed bias and linkage;
blockage of the standby valve, increase in the transfer bearing clearance, and

Insertion of a new beta feedback cam,.
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In order to use the 54H60 control for an 8 to 10 foot (244 to 3.05 m) prop-fan,
several modifications are required. The proposed modifications are based on a

preliminary study and are as follows:

o replace standby pump drive gear;

o increase transfer bearing clearance;

o remove speed bilas hardware;

o redesign governor flyweights and speeder spring;
o remove differential gear train for beta control;
o remove or vevise brushblock;

0 add external heat exchanger;

Hamilton Standard has concluded that the use of this control with modifications
such as above 1s feasible for the prop-fan sizes mentioned. Table 2 shows

estimated pitch change rates which are achievable.
TABLE 3

PROP-FAN PITCH CHANGE RATES

PITCH CHANGE RATE
Deg/Sec (radians/sec)
D .
lameter No Main & Mod
Ft (m) Blades Main Pump Only Standby Pumps
B8 (2.44) 8 9.05 (.158) 14.5 (.25%)
8 (2.44) 10 16.31 (.285) 26.2  (.457)
10 (3.05) 8 3.92 (.068) 7.8 (.136)
10 (3.05) 10 7.11 (.124) 14.2  (.248)

It can be seen that the 8 foot (2.44) diameter prop-fan with 10 blades has the
highest pitch change rate of about 26 degrees per second (.457 radians/sec).
This can be compared to a typical propeller blade angle pitch change rate of
20-30 deg./sec (.349-.524 radians/sec). The other configurations have pitch
change rates well below rates considered acceptable for rapld tramnsients. It
is assumed that the standhy pump can be resized to provide a 60 qpm (.%946

l/sec) flow rate when operating with the existing main pump.
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The existing standty pump cannot be utilized because the pump flows would
approach 90 qpm (1.350 1/sec) and the resulting line velocities would be
excessive, thus generating high friction and excessive heat. This also leads
te foaming and cavitation, It is recommended that the tranfer bearing
clearance be increased for cooling, and that an external heat exchanger be
added. For the 60 gpm (.946 1/sec) flow rate, it is recommended that a AP of
approximately 1,000 psi (70.32 kg/cm2) across the piston be used instead of the
600-700 psi (42.2 - 49.2 kg/cm2) which is typilcal on the existing control.
This control is capable of operating at 1,000 psi (7032 kg/cm2) since its high

pressure rellef setting is about 1,250 psi (87.90 kg/cm?).

New Propeller Control

Since it has been determined that the 54H60 control with modifications is
feasible for a prop~fan research vehicle in the size studied, the discussion of
new controls shall be limited. First, conslder why a new control might be
desired. The reasous which seem plausible are:

o pitch change rates must be higher for transient tests, or

o further, more detailed, study of the 54H60 control reveals an

inadequacy not currently known.

Of course, i new control can be built for the testbed, but it will look
very much like a 54H60 control since it must be compatible with the T56
gearbox and its 60 spline shaft. Allison advises that there is no access
through the gearbox shaft centerline or planet carrier. Therefore, a
shaft mount transfer bearing is required just as presently used. A new
control will require an increased flow and/or pressure system to yield
higher pitch change rates. Pitch control systems such as used on the
Q-Fan Der nstrator, or QCSEE, rvrequired access through the gearbox and are
not applicable here. An alternate to a new shaft mounted control is a
rotating pumping syctem where the control is mounted out on the rotating
hardware., This arrangement has been previously accomplished
experimentally, but does represent an all new control development program

which is considered unnecessary and offers no advantage.
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Free Turbine vs. Single Shaft Engine Controls

The last area investigated deals with control functions and the application of
the control to a free turbine (dual shaft) versus single shaft engine. As
mentloned earlier, the 54H60 control is compatible with elither type of engine;
it is already coupled with the T56 engine in the P-3 and C-130 aircraft. A
single shaft engine requires a negative torque sensing (NTS) system which
prevents gearbox decoupling during alrstart but accomplishes decoupling during
excessive windmilling RPM to prevent high drag. This feature may not be
necessary for the prop~fan hardware if the gearbox decoupler is eliminated and
an alternate means of protection against excessive drag 1s instituted. This
latter decision may be influenced by the alrcraft type being considered and the
impact of high drags. The NTS is the only prop~fan control hardware difference

between the two engine types.

Pitchlock

It is recommended that the prop-fan rotating hardware incorporate a pltchlock
device of some type which will prevent overspeeds in case of inadvertent blade
angle decreases. Use of the 54H60 type pitchlock is not feasible 1in the
prop—fan type actuator, nor is the prop-fan pltchlock concept compatible with
the 54H0J type control. The easiest way to handle the problem is with a ground
adjustable stop which is set before each test to a blade angle just below the
anticipated test angle. This type of stop would require numerous landings and
resettings. So while it is easily accomplished, it 1Is not convenlent for
testing. An alternate to this is an electrically oper ~»d in-flight adjustable
stop. Such a stop 1s certainly feasible but requires careful use so that the
stop location 1is always known; otherwise its protection is useless. The last
and most sophisticated method of achieving pitchlock protection is an in-place
type lock similar to the concept used on the commuter propellers and which is
planned for the production prop—fan. This concept requires incorporation of a
beta control loop in the prop-fan itself. 1In order to provide a rotary signal
to operate the piltchlock, a hydraulie motor circult 1s required to introduce
the requested blade angle. A modification to the 54H60 control is required to

provide a pressure to the hydraulic motor located in the hub.
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Hormal Governing, Feathering and Reversing

Other operations performed by the prop-fan control include normal governing,
feathering and reversing. Normal governing can be handled easily :y a modified
or a new control for either engine type., The type of engine has no bearing.
Feathering will probably be slow (low pitch change rate); and feathering out of
an overspeed where higher pitch change loads cxist may not be possible with a
modified 54H60 contral. However, with adequate overspecd nrotection, this may
be of little consequence. Unfeathering should not be a problem with the
modified control, Use of an auxiliary electrically operated hydraulic pump
already on the 54H60 control will be used. Reverse operatlion with the 54H60
control is in a beta mode where the pilot controls the blade angle and the
engine coordinator maintains a schedulad fuel flow to keep the RPM constant.
This control does not govern ovr r~ontrol RPM in veverse as it does in normal
flight operations. The reversing scheme for the prop-fan will probably be
fixed blade angle reversing. While this may impact solid shaft engine
operation, it is not a problem for the control. The blade angle will simply be
dirvected to decrease pitch until a stop is reached. For th» multi-bladed
prop-fan, a beta control system has not been designoed. Such a system can
probably be designed and developed 1f necessary; however, this system does not

seem to be warranted for this propulsion testbed program.

While a modified 54H60 control, or even a new eontrol, appears to be able to
handle the desired propfan functlons discussed above, there are some points
concerning engine type to discuss further. Maiutaining constant RPM during
operations such as reverse will be difficult with a fixed blade angle. Speed
control will have to be maintained by the T56 engine overspeed governor or
controller; this requires further study. There is no problem of this type on a
free turbine engine. Ancther area of concern on a solid shaft eugine is with
the use of a fixed pitchlock stop. For example, assume the pltchlock stop is
set just below the test blade anpgle and then power is retarded. The blade
angle will stop at the setting and the RPM will then want to decrease with

further power reduction.

Assuming the test ls being accomplished at 0.8 Mach and the desired test blade

angle is 57 degrees (.995 radians), a 60 percent decrease Iin shaft horsepower
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requires a 4 degree (.070 radians) decrease in blade angle to maintain 100
percent RPM, 1If a stop is set just a few degrees below the desired test angle,
then a power retardation may result in a RPM dropoff. Again, this requires
further study. Lastly, the airstart procedure may be more difficult on a solid
shaft engine if the pitchlock stop is get such that 100 percent speed cannot be
achleved at flight idle power setting., Further coordination with the engine

manufacturer 1s required.

Prop~Fan Control Capability

In summary, a modified propeller control is feasible for a prop-fan of 8-10
feet (2.44-3.05 m) diameter. For each size, ten blade configurations have
higher pltch change rates (Table 3). 1In three of the four configurations
considered, transient capability is quite poor. In only one case 1s it
reasonable. All propeller contrel features can he provided with a modified
control. There are potential problems with either a modified or new control
associated with using a single shaft engine. However, none of these problems

are Ilnsurmountable.

Prop-Fan/Nacelle Compatibility

Hamilton Standard will coordinate with Douglas in evaluating candidate drive
systems for compatibility and suitability in meeting technical objectives. The
nacelle size and shape are critical aerodynamically, since it has been
determined analytically as well as in prior Hamilton Standard model design work
that nacelle shape has a significant influence on inboard blade flow
characteristics. In order to maintain adequate choke margins in the root area,
the question of nacelle size and contour for a prop—fan rotor size of a

gpecific engine is also important.

Utilization of an 8 foot (2.44 m) diameter prop-fan on the T56 engine and a 10
foot (3.05 m) diameter prop~fan on the T70]1 engine indicates that excessive
blockage exists with the existing P-3 nacelle. Modification of the P-3 nacelle
for use with the T56 engine requires either engine inlet resizing or a smaller
overall mnacelle diameter. Utilization of a new nacelle on the T701 engilne

results in blockage characteristics compatible with the prop-fan concept.
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Figures 6 and 7 indicate that the veloclty ratio V/Vo, is low and the
efficiency, n, is high for the P-3 application when compared Lo the SR-3

prop-fan configuration. The results for the P-3 were based on measurcments in
a model test at My = .75, and extrapolated to My = 0.8, The SR-3 results are
theoretical, and utilize a nacelle exhibiting a diameter which is 35 percent of

the diameter of the prop-fan, with no inlet.
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COCKPLT CONTROLS AND INSTRUMENTATION

A review of the necessary constraints on avallable space and cockplt procedure
has been made to assess the suitability of the DC~9 as a platform for the
prop-fan testbed. This examination shows that the most suitable cockpit
arrangement is to mount the prop-fan drive system controls on the cockpit
center console, in the vicinity of the existing controls for the Pratt and
Whitney JT8D, the basic propulsors for the DC-9. This arrangement will permit
control of the prop-fan drive system by either the pilot or the co-pilot. In
the event of an emergency one flight crew member can assume control of the DC-9
while the other member controls the prop-fan drive system. There 1s adequate
space for these controls near the center console. The modifications to the
aircraft are not extensive and will not compromise the basic safety of the DC-9

testbed aircraft.

The cockpit instrumentation will be held to a minimum yet will be adequate to
allow for starting, stopping, accelerating, decelerating and otherwise
controlling the prop—fan drive system. Tt will also allow for moniteoring and
setting the key prop-fan drive system operating parameters, This
instrumentation will be installed closer to the co-pilot's station but will be
zlearly readable by the pilot. These control/ instrumentation arrangements are
simplified on the DC-9 because there is suen good cross—cockpit visibility and
proximity which 1is a product of the basic two-man cockplt design of the
aircraft. The cockpit instrumentation which has been preliminarily identified

are concer. :d with the following:

0 gas generator speed

o power turbine speed (or prop-fan RPM)

o power turbine inlet temperature

o engine fuel flow rate

o gearbox output torque

o] gearbox and engine oil pressure and temperature.
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DRIVE SYSTEM SUMMARY

The foregoing discussion of the characteristics of candidate drive systems for
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the prop-fan testbed aircraft is summarized in the following figures:

6000 SHORT {(4474)

ITEM ENGINE
T701-AD-700 TH6-A-16 T64-PAD
GEARBOX MODIFIED T 58 MODIFIED T 68 MODIFIED T644
AVAILABLE SHAFT HORSEPOWER (kW)
SEA LEVEL 8050 (5002} 4591 {3423} 4380 (3266
35,000 FT (10,668 m) 3626 (2703) 2480 {1826) 1820 {1431
GEARBOX POWER LIMIT — HP (kw)} 5000 CONT {3728} 5000 CONT {4728) 3400 CONT (2835}

6000 SHORT (4474)
TIME

TIME
FONER-TURBINE TYPE FREE FIXED SHAFT FREE
WEIGHT WITH GEARBOX — LB {kg} 1810 /B2%) 1843 (836) 1188 {539)
LENGTH — IN. {cm} 124.65 {316,308} 145.98 {370.78) 110.20 (270,91}
WIDTH = IN, [cm) 30.565 (77.68) 27.26 (69.2) 29.49 (74.9)
HEIGHT = IN, {cm) 40,12 {117.2} 41.38 (105.1} 4592(. - 6
AVAILABILITY 6 IN STORAGE IN PROBUCTION IN PRODUCTION
BAIL FROM ARMY
FIGURE 8. CANDIDATE PROPELLER DRIVE SYSTEMS BRoEN 271400
SHP/D2, (kW/m2)
TIP SPEED — T701 T56 T64
FT PER SECOND RPM MIN 10-FT (*.05 m) | B-FT (2.43 m) | 7-FT (2.13 m)
(m/SEC) (PERCENT) REQ PROP PROP PROP
800 (244) 100 37.5 (301) 37.5 (301) 37.5 (301) 37.5 (301)
700 (213) 87.5 30 (241) 34.6 (278) 22.5 (181) 34.4 (276)
600 {183) 75 26 (205) 32.4 (260) 17.3(139) 31.4 (252)

20-QEMN-2T360A

FIGURE 9. ESTIMATED CAPABILITY WITH FIXED RATIO GEARBOX (PROPELLER SIZED AT 800 FEET
PER SECOND (344 m/SEC} AT CRUISE)
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ENGINE

ITEM T701-AD-700 | T56-A-15 T64-PAD

MAXIMUM CRUISE SIZED
PROPELLEP DIAMETER -- FT, (m)| 9.5 (2.90) | 8.1(2.57) 7.2{2.19)

MACELLE BLOCKAGE* ACCEPTABLE HIGH UNACCEPTABLE
0.34 0.40 0.43
GEAR REDUCTION RATIO 7.5:1 7.2:1 6.2:1
8:1
9:1

* HAMILTON STANDARD CRITERIA {0.35)

(NACELLE BLOCKAGE IS A CRITERIA ESTABLISHED BY HAMILTON STANDARD AND IS THE RATIO
OF THE NACALLE EQUIVALENT DIAMETER TO THE PROP-FAN DIAMETER }

BO-CEN-275390

FIGURE 10. PROPELLEF DRIVE SYSTEM COMPARISON SUMMARY

As can be seen from I -~res 8,9 and 10, the results of the evaluation of the
three available prop-fan drive gystems clearly indicates that the Allison T701
with the T56 modified gearbox 1. the best cholce for the testbed aircraft. The
primary influencing factors in this decision are that
o the T701 engine deveiops enough power at cruise to drive a 9.5 foof
(2.90 m) diameter prop-fan at design speed and power loading; and
o the free turbine design provides the engine with the flexibility
required to accom ndate tip speed and power loading wvariatioms

over a wide operating range without entailing gear changes.

Also, the Allison T701 engine has a commercial counterpart (570) which may be
used as a back-up engine in case the T70! becomes unavailable for use ou the
testbed aircraft. This 5370 commercial engine differs from the T701 by only a
minor weight 1increase (15 percent) due to material substitution of some steel

for titanium in the engine case.
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The verification of the structural and performance integrity of the installed
prop-fan is vital to the prop-fan aircra!t testbed program. As stated
previocusly, the aim of the prop-fan testbed program 1s to provide verification
in an expeditious manner by utilizing an appropriate existing engine/gearbox
hardware and an existing large scale prop-fan design. It is necessary that the
diametcr of rlie prop-fan used for the testbed be as nearly full-scale as
possible so that scaling does not become a problem. Thus the T701 with its
capability to swing a 9.5 foot (2.90 m) diameter prop-fan 1s particularly
desivable.

The second choice for the drive system is the T56 engine and gearbox. This
drive system 1s sufficlent to power an 8 foot (2.74 m) diameter prop—fan, but
its single shaft design requires physical changes of gears in order to meet the
minimum required combination of tip speeds and power loadings. Additional
hardware, flight test time, and cost are likely to be incurred with this drive

system.

The T64 is the least suitable of the three cengines for the <.ed program
because It can only accommodate a 7 foot (2.13 m) diamecer prop-fan.
Considering that the testbed program 1s primarily aimed at investigating
prop-fan structural integrity for a representative blade constrrection, 1t Is
desirable that the prop-fan be substantially larger than 7 foot (2.13 m)

diameater.

The recommended prop-fan drive system, including the selection rationale, {is

summarlized as follows:

SELECTION REASON
Free Turbine Precludes need for multiple gear ratios and

enables independent setting of RPM and pitch

T701 Enables largest diameter propeller tests

Modified TS% Gearhox Low cost
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TASK III

CANDIDATE TESTBED AIKCRAFT

INITTAL SURVEY OF POSSIBLE CANDIDATES

In work prior to the initiation of the study, Douglas Advanced Engineering had
surveyed several candidate alrcraft which might be sultable as a prop-fan
testbed vehicle. The rationale and requirements for selection of a suitable

aireraft are as follows:

o testbed must be capable of M..,ize of approximately 0.8 at 30,000
feet (9,144 m) or greater;

0 test engine/prop-fan is not part of the primary propulsion system;

o testbed configuration locates the prop—fan in the proper flow
environment compatible with an actual prop-fan aircraft
arrangement;

0 prop-fan testbed configuration must be representative of the airframe
interactidn to be expected in an actual aircraft design;

o testbed must be capable of providing verification of existing
wind tunnel results and analytical prediction methods;

o minimum modification to the basic aircraft for the testbed is
desiraed, therefore, the cost of the program is minimized;

e} baslc design data for the testbed alrcraft (such as structure,
aercdynamic, and fabrication) must be readily available to the
Contractor;

o it is desirable that the testbed aircraft be directly crisnted toward
a commercial alrcraft configurationg

0 testbed should be compatible with a first flight of approximately
1985;

o configuration should be compatible with an approximate 10 foot
(3.05 m) diameter prop-fan for the testbed; the large diameter
prop—fan is a definite plus and is a desirable feature from Hamilton
Standard's point of view of having the testbed prop—fan sufficiently
large that extrapolation of results to the full scale case is

reasonable and valid.
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During the pre-study, survey the aircraft other than those of Douglas which
were reviewed on a preliminary basis as potential testbed candidates included
Lockheeod Electra and C-141, Boelng B-52, 707, 727, 737, and C~14. These

atrevaft were judged inappropriate on such bases as:

(o] Incapable of sustained M of approximately 0.8 at

cruise
30,000 feet (9,144 m);
o ground clearance problems;
0 inability to provide proper flow environmental conditions

and thus to provide a bhasls for verification of existing

analytical results.

Those Douglas aircraft surveyed as a possible testbed were the DC-8, C-135,
A-3D, and DC-9. Possible DC-8 arrangements, utillizing the exlsting structural
hard peints, incurred low prop-fan groumd clearances. Also, the DC-8 is a more

expensive alreraft for a testbed than the DC-9.

The C-15 does not have a passenger interior, 1s not a Mach Number = 0.8 cruisc
aircraft, and does not provide a particularly good location of the prop-fan
relative to the wing. The A-3D aircraft is capable of the M = 0.8 cruisc and
adequate ground clearance for a prop-fan Installation of ak least 13 feet
(3.96 m) diameter; however, the A-2D aircraft is a military design and
consequently the fuselage is not characteristic of a passenger fuselage from
the pressurization aspects, the interior acoustic treatment, or from the

geomatric cross section.

On the basis of the above mentioned criteria, the DC-9 with a wing-mounted

prop-fan installation 1s judged a most appropriate testbed aircraft.
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ADVANTAGES OF DC-9 AIRCRAFT AS SELECTED PROP-FAN TESTBED

The DC-9 aireraft, either a ~10 or a -30 version, 18 a particularly sound
selection for the NASA prop-fan testbed research aircraft for the following

reasons:

o The DC-Y 1is an avallable ailccraft which 1s low cost from both the

acquisition and operational points of view.

o The DC~9 is a bouglas airvcraft, and consequently full knowledge of the
alreraft detail deslgn, flight characteristics, and modification
know-how are immedlately avgilable to Douglas and to the NASA advanced
turboprop project.

o] The aireraft i1s a commerclal vehicle which enjoys an enviable

raputation among the airline users.

o Either the -10 or =30 aircraft may be made available for the testbed;
however, the —~10 is more cost—-effective from the initial investmont
point of view. Either alrcraft is efficlent costwisa as a testhed.
The immediate avallability of the specific aircraft may be dependent
on the timing of the program requirement for acquisition of an

airplane.

o No modification of the ailrcraft 1s required except for the wing
installation of the prop-fan/engine/nacelle. The wing is not expected
to require beef-up; with the possible exception of the low speed/low
altitude one-engine-out condition, the existing empennage 1s adeguate
to meet the aircraft stability and control requirements for an
asymmetical testbed arrangement with none prop—-fsi nacelle mounted on

the wing.

o The prop-fan may be properly placed on the wing to acquire the
practical prop-fan interactions which may be encounteved 1n an actual
design - such as nacelle/wing, prop-fan/wing, and prop-fan/fuselage

interferences.
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The desired 10 foot (3.05 m) diameter prop-fan installation on the

testbed 1s feasible.

The general arrangement ot the testbed prop-fan/ engine/nacelle/wing
structural integration ls representative of an actual aircraft design

where maintainability is also of key importance.

The results of a survey performed by Douglas throughout representative
alrlines, as part of the NASA DC-9 Prop-fan Feasibility Study Contract
NAS2~10178 (Reference 3), were unanimous that the sizing of the first
prop~fan commercial aircraft should have approximately 155 to 165
passengers and Moryige = +80. This is typical of a Douglas DC-9-80.
In all cases, the airlines' estimate the first actual commercial
prop-fan aircraft should be in the size and performance category of
the DC-9-30 to th: L. -9-80. Therefore, the use of the DC~-%-1( or -30
as the testbed air .t affords compatibility with a practicel and

likely commercial ailrcraft,

The DC-9-10 (or -230) prop~fan restbed aircraft is particularly
amenable to measurement of prop-fan acoustic effects during flight.
Valid measurement of the prop-fan near and far fileld acoustic
characteristics can be obtained from flight test onm th2 DC-9-~10
testbed. Operation of the two basic JT8D turbofan engines, in
conjunction with the prop-fan propulsion system, does not result in
bacckground noise levels which will interfere with the prop-fan noise

spectra for near and far field noise measurement.

During crulise flight, the first several harmonics of the prop-fan
noise signal will be easily discernible above the boundary layer noise
and turbofan engine noise at near field locatlons of interest on the
fuselage. This conclusion results from knowledge of the external
acoustic environment of the production turboefan DC-9-10, gained from
flight test data, compared with prop-fan noise estimates. On the
production turbofan DC-9-10, engine nolse impinging on the fuselage
only becomes apparent in the rearmost portion of the passernger cabin,

which is aft of the area of interest on the testbed airecrafc.
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Prop-fan far field noise can be measured using the testbed alrcraft
during statiec and taxl testing with no preoblems involving
coentamination of the prop-fan noise signal by extraneous noisec
Bources, such ag turbofan engine nolse., If far fleld noilse
measurements during flyovers become a possibility, the problem of
signal contamination can be avolded by limiting the turbofan thrust
(this may suggest the measurements be made while the aircraft is in a

slight descent).

DC-9 TESTBED CONFiGURATIONS

Three views of the prop-fan testbed DC~9-10 aircraft are presented in Figures
11 and 12 for the Allison turboshaft T701 and the ‘6 single engince
installations. Three~views of the two prop-fan nacel. tallations on the
DC~9-10 and DC-9-30 are shown in Figures i3 and 14, The principle differences
between the DC-9-30 and the DC-9-10 from the standpoint of a prop-fan testbed

are as noted:

o The DC-9-30 aircraft has leading edge slats which the -10 does not.
In the case of the -30, these leading edge slats, or portions thereof,

must be deactivated due to the prop-fan nacelle installation.

o] In order to prevent excessively high sideslip angles, the rudder
deflection of the NC~9-30 has been limited to 17.2 degrees (.300
radians) at flap deflections of 15 degrees (.262 radians) and above
and to 13.2 degrees (.230 radians) for flap deflections below 15
degrees (.262 radians). The rudder deflection on the DC-9-~10 1is not
limited but utilizes the full 30 degree (.524 radians} deflection;
therefore, it is probable that the -10 testbed may be safely operated

at lower speeds at low altitudes than the =30 testhed.

The existing empennage of the DC-9-10 is capatle of providing adequate
stability and control for the asymmetric prop-fan testbed configuration;
however, a small restriction on the low speed/low altitude envelope may need to

be imposed in deference to the one-engine-out condition.
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FIGURE 13. DC-9-10 PROP-FAN TESTBED — TWO ALLISON T701 ENGINES
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FIGURE 14, DC-9-30 PROP-FAN TESTBED -- TWO ALLISON T701 ENGINES
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Stability and Control Characteristlcs

Figure 15 presents the flight envelope showing stability and control for the

DC-9-10 prop—fan testbed.
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FIGURE 15. PROP-FAN TESTBED FLIGHT ENVELOPE FOR STABILITY AND CONTROL

The high-speed limits are set at Mpe/Vpe and are the same as for the basic
DC-9-10. Minimum 1g flight speed at 80,000 pounds (36,281 kg) gross weight
with flaps up is shown as a lower limit. The gray area illustrates a region
where asymmetric thrust due to operation of the turboprop will require
increasingly large sideslip, bank angle, and control deflections as speed
decreases. This region must be investigated Iin flight test to demonstrate
controllability. The desired M = 0.5 and 0.8 flight conditions are indicated
in the foregoing figure. The flight envelope of the DC-9-30 is nearly the sane
as for the DC-10-10 with only small differences in the high-speed limits. The

low speed limits and flight test requirements remain the same.
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Because of the destabilizirg effect of the prop-fan system on statilc
longitudinal stability, the aft center-of-pravity limit must be moved forward
3 percent MAC (mean aerodynamic chord), from the basic DC-9, for cach prop-fan
system used. The resulting aft center-of-gravity limits for the Series 10 and

30 DC-9 with one and two prop~fan systems will be as shown below.

DC-9 Seriles No. of Prop-fans Aft C.G, Limig
ZMAC
10 1 36
10 2 33
30 1 31.7
30 2 28.7

For the single prop-fan configuration the lateral control performance in the
low-speed flight conditions will be degraded to some extent by virtue of the
loss of flap area under the prop—fan nacelle. This flap asymmetry requires the
use of 15 percent of available lateral control authority to balance when
20-degree (.349 radians) flaps are used and 20 percent of available authority
when 50 degree (.873 radians) flaps are used. No lateral control is required
to offset the prop—fen system welght in the single-engine configuration because
ballast is added in the opposite wing to balance the airplane laterally. Thus
the nuisance roll response to pitch maneuvers with laterally unbalanced
alrplanes is avoided. The added rolling moments of inertia created by the
prop—fan system and ballast welghts will cause a reduction in roll control
response or roll acceleration by as much as 33 percent. Another 17 percent
reduction in roll response will occur as a result of the lost spoiler area.
These losses are significant in the ! -speed condition and may require
overspeeds of approximately 20 percent 1f lateral control responsiveness 1s to

be retained.

Although the two-engine configuration does not have the asymmetry problems of
the single-engine configuration, it too has the degraded roll performance
resulting from increased rolling inertia and reduced spoiler area. A similar

overspeed considerztion is recommended for this configuration.
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Stall speeds and resulting reference speeds are e.pected to increase with the
unpowered prop-fans. Confirmation nf these speeds must be obtained from
wind-tunnel test data and established for the flight evaluation program. These
new higher reference speeds are likely to accommodate, to sume extent, the

overspeeds suggested for roll performance.

A stick pusher system is designed and currently availlable for the DGC-9. This
gsystem could be employed on the testbed airplane, 1f necessary, to avoid stalls
by programming the pusher trigger point to whatever angle of attack schedule is

appropriate.

DC-9 Prop-fan Performance Estimates

Cruise Capability
The limiting operating points assumed for the performance spectrum are those
shown in Figure 16 and are representative of the boundaries of the DC-9

prop—fan ailrcraft flight envelope.
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FIGURE 16. DC-9 AIRCRAFT OPERATING POINTS ASSUMED IN PERFCRMANCE SPECTRUM
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In order to determine the capability of the DC~-9-10 prop-fan alrcraft to
provide adequate cruilse time as a prop-fan testbed, estimates of crulse times
which will be available to test prop-fan engine combinations are determined for
the assumed six Mach number/altitude test conditions. The variables considered

are
2 airplanes: NC-9-10 or DC-9-30

2 test engine/prop-fan combinations: Allison 701 engine with 9.5 foot
(2.90 m) diameter prop-fan
Allison T56 engine with 8.1 foot
(2.46 m) diameter prop-fan

2 configurations: One or two prop-fan engines per

alreraft

Ground rules assumed for the test mission are the following:

0 taxi, takeoff and approach allowances included;

0 250 KCAS (463 Km/hr) climb speed to 10,000 feet (3,048 m), and 290
KCAS (537 Km/hr) to the cruise condition unless limited by
the cruise Mach number;

o 250 KCAS (463 Km/hr) descent speed;

o reserve fuel determined by a climb at 250 KCAS (463 Km/hr) to 15,000
feet (4,572 m); altitude, hold for 0.5 hour, and descent at 250 KCAS
(463 Km/hr);

o prop-fan engines assumed to be winrdmilling, except during
cruise, when full power 1s used;

0 jet engines throttled back as required to maintain level flight;

o 1f the configuration had excess thrust after the main engines are
throttled back to idle, this excess is assumed to be dissipated with

extra drag to maintaln constant speed.
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Using the six operating points noted in Figure 16, estimates of the cruise time
avallable as a function of aircraft takeoff gross weight, manufacturer's empty
weipght, fuel load, and flight conditions are presented in carpet plot form.
The available cruise time for the DC-9-10 prop-fan testbed alrcraftt with either
one or with two prop-~fan T701 propulsion systems are cited as examples in
Figures 17 and 18. As can be scen from these plots, the DC-9-10 prop-fan
testbed provides more than adequate cruise test time for performing the

required flight tests.

DC-9-10 PROP-FAN AIRCRAFT
TWO ALLISON T701 TURBOSHAFTS — TWO JT8D-7 TURBOFANS
PROP-FAN AT FULL POWER EXCEPT AT M = 0.5/20,000 FT (5,096 m)

6
#TURBOFANS AT IDLE
5L CRUISE CONDITION
M = 0.6/30,000 FT (9,144 m)
alL M = 0.7/35,000 FT {10,668 m)
M = 0.5/20,000 FT* (6,096 m
TIME M = 0,8/30,000 FT (9.144 m)
(HOURS) 1 M = 0.8/20,000 FT (6,096 m)
FUEL=25,000 LB (11,338 kg)
1} . MEW =157,000 LB (25,850 kg)
o (21315 kg) ~FUEL=20,000 LB {9,070 kg)
[ 1 1 | 1 | |

65 70 75 80 85 90 95 100
TAKEOFF GROSS WEIGHT (1000 LB)
| }

}
30 35 40 45 (1000 kg)

SOGEN Flagy

FIGURE 17. TESTBED AVAILABLE CRUISE TIME {TWO ALLISON T701 ENGINES)

DC-9-10 PROPFAN AIRCRAFT
ONE ALLISON T701 TURBQSHAFT — TWO JT8D-7 TURBOFANS

PROPFAN AT FULL POWER
6
CRUISE CONDITION
5k M = 0,6/30,000 FT (9,144 m)
M = 0.5/20,000 FT (6,095 +
M = 0.7/35,000 FT{10.66> .n)
al-
M = 0.8/35,000 FT (10,568 m})
c%l#ga 3l M = 0,8/20,000 FT {9,144 m)
(HOURS) 2 M = 0,8/20,000 FT {6,096 m)
FUEL = 25,000 LE {11,338 kg)
MEW= MEW =57,000 LB (i15,850 kg)
Y 47,000 LB FUEL=20,000 LB (9,070 kg)
o (21,315 kg)
| ] | 1

| ] ]
65 70 75 80 85 20 95 100

TAKEOFF GROSS WEIGHT (1000 LB)
1 ! 1 }
30 35 40 45 (1000 kg) WOER ek

FIGURE 18. TESTBED AVAILABLE CRU!ISE TIME (ONE ALLISON T701 ENGINE)
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The variation of cruise time with manufacturer's empty weight (MEW) and fuel
carried 1s practically linear for the range of interest, Therefore, for each
alrplane, only two MEW's and two levels of fuel carried are used in the
calculations. The DC-9-10 with 75 seats has a MEW of 46,742 pounds (21,198 kg)
with fuel capacity of 24,743 pounds (11,221 kg); therefore, MEW's of 47,000 and
57,000 pounds (21,315 and 25,850 kg), and fuel levels of 20,000 and "~ 000
pounds (9,070 and 11,338 kg) should cover the ranges of interest for a tzs ad

alrcraft.

S§lightly lower cruise times are shown for the case of the two prop-fan/engine
test configuration (Figure 17) than for the one prop-fan/engine configuration
(Figure 18). The reason is twofold:
o the net sfc of the engine/prop-fan combination is greater than
the sfc of the jet engine in rthe normal operating range, and
o with two prop-fans, the jet engines drop to lower thrust settings,

.2us 1lncreasing sfc.

As a matter of interest, the cruise times available for the DC-9-30 airzraft
atre: shown 1n Figures 17A and 18A as a direct comparison to the praviously
discussed cruise performance of the DC~9-10 (Figures 17 and 18). The DC-9-30
with 105 seats has a MEW of 53,812 pounds (24,405 kg) and a fuel capacity of
24,649 pounds (11,179 kg), or, vhen a supplementary tank is added, the MEW and
fuel capacity are 54,485 and 28,535 pounds (24,710 and 12,941 kg),
respectivelr. Thus, MEW's of 55,000 and 65,00C pounds (24,943 and 29,478 kg)

and fuel levels of 20,000 and 25,000 pounds (9,0/0 and 11,338 kg) are uelected

as representative for the DC-9-30 aircraft.

As 18 to be noted from the foregoing Figures 17, 17A, 18 and 18A, the variationm
in the testbed avallable cruise time, as a function of testbed aircraft, is
relatively small, 'This small variation in crulse time is also to be noted when
comparing the TV0l and T56 tu-boshaft epgine installations in the DC-%-10.
Summairy of these small differences in cruise time performance is presented in

the following tabulation:

ATRCRAFT PROP-FAN INSTALLATION A TIME - HJURS
(Referred to DC-9-10, F.gure 18)

DC-9-30 (1) T701 - .2 to ~.35
DC--9-30 (2) T701 - .25 to ~.35
DC-5-10 (1) TSé - .52
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DC-9-30 PROP-FAN AIRCRAFT
TWO ALLISON T701 TURBOSHAFT — TWO JT8D-7 TURBOFANS
PROP-FANS AT FULL POWER

6 ["JET ENGINES ASSUMED AT IDLE )
**GEILING RATE OF CLIMB — R/C = 55 FT/MIN (1,275 m/sec)
-
? cRuisE conpiTIoN
M = 6.6/30,000 FT {3,144 m)
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M = 0.8/35,000 FT {10,668 m)**
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FIGURE 17a. TESTBED AVAILABLE CRUISE TIME (TWO ALLISON T707 ENGINES}

DC-9-30 PROP-FAN AIRCRAFT

ONE ALLISON T701 TURBOSHAFT — TWO JT8D-7 TURBOFANS
PROP-FAN AT FULL POWER

6
. CRUISE CONDITION
M = 0.6/30,000 FT (9,344 m}
M = 0.5/20,000 FT (6,096 m)
al M = 0.7/35.000 FT (10,668 m)
CRUISE
TIME 3l M = 0.5/35,000 FT (10,668 m)
(HOURS) ¥ = 0.8/30,000 FT (9,144 m)
2k M = 0,8/20,000 FT {6,096 m)
FUEL = 25,000 LB (11,338 ke)
b MEW = 65,000 LB (29,478 kg)
FUEL = 20,000 LB {9,070 kg
MEW = 5,600 LB (24,943 kg)
o 1 | 1 1 1
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30 35 a0 a5 {1000 kg)
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FIGURE 18a TESTBED AVAILABLE CRUISE TtME (ONE ALLISON T701 ENGINE)
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Percent Turbofan Engine Power Required

For the cruise flight conditlons noted 1n Figure 16, the percents of power
required from the turbofan engines for the prop-fan testbed cculse are noted in

Flgures 19, 20 and 21.

As can be secn from the negatlve turbofan thrust requirements, noted in Figures
19, 20 and 21, the two engilne prop-fan T70l engine configuretions are capable
of flight on the prop-fan propulsion system alone, but at reduced gross welghts
and lower cruise conditions. These flight limits for sustained crulse flights,
assuming power from the two T701 prop-fan propulsion unlts only, arve summarized
{n Figure 22, in terms of altitude/Mach number varlation. Performance shown in
Figure 22 assumes the basic JTBD turbefan engines are operating at just enough
thrust to overcome theilr own drag. Threrefore the perforwance shown does truly
represent prop-fan—-only capability. The prop~fan T56 installation on the
DC-9-10 is not capable of cruise flight without the augmentation from the

turbofan engines.

40

12 ] 0Cc.8.10
OPERATIONAL
ENVELOPE
ol _{—-0EW
8 (HOSSWEIGHT - L l LIMI I OF OPERATING
- ENVELOPE WITH ONLY
PRESSURE {Ka) ! | {2) T701 PROP.FAN ENGIN
. ES
1000 km ALTITUDE 20| I OPERATING
(1000 FT) 80,000 “
{36,281) | [
Al 70,000
10k {37.210)
ok 0 } | | | I

0 01 02 63 04 05 06 07 08
WMACH MO.
B2GEN AN
FIGURE 22. DC8-10 PROP-FAN TESTBED FLIGHT LIMITS iN CRUISE — TWO ALLISON
T701 PROP-FANS ONLY
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ALLISON T701 ENGINE

ASSUMPTIONS: PROP-FAN AT FULL POWER
OEW = 57,000 LB (25,850 kg)
FUEL LOAD = 25,000 LB (11,338 kg)

FLIGHT CONNITION ONE PROP-FAN TWO PROP-FANS
PERCENT POWER REQUIRED
ALTITUDE FT (m)/McRUISE ON TURBOFAN
35,000 (10,668 m)/0.8M 69 -~ 56 45 — 32
35,000 (10,668 m)/0.7 53 — 40 26—~ 13
30,000 (9,144 m)/0.8 63 - 56 38— 31
30,000 (9,144 m)/0.6 35 ~ 24 45—+ —6
20,000 (6,096 m)/0.8 66 —~ 63 40 ~ 37
20,000 (6,036 m)/0.5 15~ 7 =19 - =27  mcnmua

FIGURE 19. PERCENT POWER REQUIRED FROM TURBOFAN ENGINES DURING DC-9-10 PROP-FAN CRUISE

ALLISON 756 ENGINE

ASSUMPTIONS: PROP-FAN AT FULL POWER
OEW = 57,000 LB (25,850 kg)
FUEL LOAD = 25,000 LB (11,338 kg)

FLIGHT CONDITION ONE PROP-FAN TWO PROP-FANS
_ PERCENT POWER REQUIRED
ALTITUDE FT (m)/McRuUISE ON TURBOFAN
35,000 (10,668 m)/0.8M 80 —« 67 65 —~ 527
35,000 {10,668 m)/0.7 64 ~ 50 46 - 32
30,000 {9,144 m)/0.8 74 - 66 58 ~ 51
30,000 (9,144 m)/0.6 46 —~ 35 27— 16
20,000 (6,096 m)/0.8 79—+ 76 64 —~ 61
20,000 (6,096 m)/0.5 28 - 20 7= =1 wunia

FIGURE 20. PERCENT POWER REQUIRED FROM TURBOFAN ENGINES DURING DC9-10 PROP-FAN CRUIISE

ALLISON T701 ENGINE

ASSUMPTIONS: PROP-FAN AT FULL POWER
OEW = 65,000 LE (29,478 kg)
FUEL LOAD = 25,000 LB (11,338 ..3)

FLIGHT CONDITION ONE PROP-FAN TWOQ PROP.FANS
PERCENT POWER REQUIRED
ALTITUDE FT (m)/M¢cRUISE ON TURBOFAN
35,000 (10,668 m)70.8 M 71—+ 62 45 —+ 39
35,000 (10,668 m)/0.7 53—+ 45 26— 18
30,000 (9,144 m)/0.8 66 — 61 42 - 37
30,000 (9,144 m)/0.5 36—+ 28 +6 - -1
20,000 (6,096 m}/0.8 72—~ 70 46 ~ 44
20,000 (6,096 m)/0.5 16 ~ 10 —-20—~ ~-28

BOLEM Fragr &y

FIGURE 21. PERCENT POWER REQUIRED FROM TURBOFAN ENGINES DURING DC-9-30 PROP.FAN CRUISE
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TASK IV

TESTBED SYSTEM EVALUATICN AND RECOMMENDATIONS

The study work delineated by the NASA Contract NAS3-22347 as Tasks II, III, IV
and V are all interdependent. Before an engine prop—fan selection can be made
on a sound basis, the comparative feasibility when installed on a iestbed
aircraft must be considered. Therefore, the work of the four tasks have been
necessarily done concurrently., Although the work of integration of the
propulsion aystem into the aircraft is performed throughout Tasks II, I1I, and
I¥, the discussion of conceptual overall testbed integration is included in
Task V.

TESTBED PROGRAM RECOMMENDATIGNS

4As a result of the work performed in Tasks I through IV, Douglas recommends the

following for the continued prop-fan testbed program:

o DC-9-10 base alrcraft.

o T701 turboshaft engine.

Q T56 gearbox modified as per Allison recommendation.

o Hamilton Standard 9.5 foot (2.90 m) diameter/10 blade prop-fan.

o 54H60 modified prop~fan control as per Hamilton Standard
recommendation.
fa) Flight testing of two conflgurations; namely, the one wing

mounted prop-fan nacelle and the two wing mounted prop-.an
nacelles. In the case of the two prop—fan nacelle
corfiguration, the prop-fans shall both rotate up and
inboard toward the fuselage.

o) Subscale wind tunnel testing, if required, for compoment design
verification only,

o] Large scale flight testing of the DC-9-10 testbed.

Brief discussions follow of the testbed systems evaluation from the

aerodynamics, propulsion, and acoustics points of view.

(i



ENGINE SELECTION

As per the initial contract statement of work, the two Initially seclected
engines, T701 and T56, are to be carried in parallel throughout the study.
However, in the early part of the study, the T701 engine appeared more
desirable; consequently from that point on, the study effort is directed to a
two prop~fan Installation utilizing T701 engines. The relative merits of the

T70! versus the T56 engine for the prop-fan testbed are as noted:

T701 Merits versus T56

0 Flexibillity of free turbine design versus single-shaft

o Variation in power loading, SHP/D%, or tip speed efficiently
accomplished without gearbox rework or change

o ‘Larger diameter prop-fan tested - 9.5 foot (2.90) versus 8.1 foot
(2,46 w)

o Less nacelle blockage to precp~fan - 34 percent versus
40 percent

0 DC-9 capable of flight on two T70l prop-fans alone

o T701 engine not considered a major risk

A detailed cost comparison between the T701 and the T56 engine is not included
in this study since this side-by-side comparison data are not avallable from
the engine manufacturer. At this point, the generation of the side-by-side
cost comparlson was not considered warranted. Because of its long production
life, the T56 1s probably less costly tnan the T701 engine; however, this cost
factor is not consldered adequate to outweligh the other advantages of the T701

as the selected testbed engine.

anRODYNAMIC TESTBED PROGRAM

Subscale wind tunnel and flight tests are both required to satisfy the primary
aerndynamic objective of verifying, at flight conditions, the installed
propulsive efficiency of the prop-fan propulsion system. These tests are shown
in the block diagram, Figure 23. Each of these tests 1s discussed in more

detail in subsequent paragraphs.
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FIGURE 23. AERODYNAMIC TEST PLAN SUMMARY

High Speed V' 1d Tunnel Test

A high speed wind tunnel test program will be conducted using a DC-9 semi-span
wing model with an air driven turbine to power the propeller. 1t may be
possible to use the alr turbine already developed at NASA Ames. The objective
.5 to develop an efficient nacelle/wing geometry that has low drag in the
presence of the propeller flow. Any transonic tunnel can be used. preferably

the NASA Ames 14-foot facility. A sketch of a typical installation is shown in

Figure 24,
FLOO -
/—mm,g BALANCE DATA TO BE OBTAINED
\__ 4____/

* AIRCRAFT LIFT. DRAG, AND PITCHING MOMENTS

DRIVE SHAFT . g&:gEgF DIFFERENT NACELLE/WING CONTOURED

T, g AND RPM
* PROPELLER LOADS AT DIFFERENT ORIEMTATIONS

WING SURFACE STATICS RELATIVE TO AIRCRAFT
» [INSTALLED PROPULSION EFFICIENCY

PROPELLER PLANE RAKE (NET THRUST MINUS DRAG)
/— Py, Pg. AND op

( ‘ g > *» PROPELLER EFFICIENCY IN PRESENZE OF AIRCRAFT

* PROPELLER INFLOW VELOCITIES AND ANGLES FOR
PROPELLER DESIGN

¢ AIRCRAFT FLIGHT BOUNDARIES

NACELLE {BUFFET AND C, )
STATICS LAx

* AIRLOADS (FROM SURFACE STATIC PRESSURES)
nomamsA

FIGURE 24. HIGHSPEED WIND TUNNEL MODEL
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The data to be obtained are noted on Figure 24. More than one entry into the

wind tunnel may be

required to develop the geometry. After initial data are

obtained, analysis of the data will be conducted and geomectry modifications

will be developed.

The following confl
o clean wing
o wing plus
) wing plus

These testbed spec

Different aacelle contours and wing shapes will be tested.

gurations will be tested:

nacelle

nacelle plus prop-fan

ific configurations are the same as those to be used later in

the flight test program and the purpose and use for each configuration 1is

discussed in subsequent paragraphs of Task IV relative to the flight test

program, Data from these tunnel tests wilill be useful in defining the

rropulsive efficien

where

(T-D):

Buoyancy:

NOZ

Drag:

cy and drag terms as noted:

(T-D) = T + Buovancy f TNOZ -~ Drag

net thrust minus drag of the complete configuration obtained

from floor mounted balance.

thrust of prop-fan obtained from prop-fan drive shaft

balance.

the axial force obtained from an integration of nacelle
surface statlc pressures with prop-fan operating and

prop-fan ~ff.

turbine drive nozzle thrust obtained by calibration of the

nozzle.
drag of the configuration - obtained by taking the

difference between the clean wing and the configuration with

the propulsion system installed.
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Since the turbine is powered from an external air supply source, there will not
be a turboshaft engine air inlet on the nacelle as there will be for the flight
installations. The effect of the inlet on the external uvag, the prop-~fan
loads, and performance will not, therefore, be included in the high speed wind
tunnel data. (The effect of the inlet on the prop—fan and inlet drag without
the influence of the aircraft can be determined during the inlet development
phase of the inlet tunnel test program.) This is a limitation of the high
speed wind tunnel test data; and the inlet effect is therefore an item that
must be evaluated during the flight test phase with the large scale hardware.
The "no inlet" geometry cannot be flight tested for compariscn to the wind
tunnel data; therefore, the effects of the inlet and flight effects relative to
the high speed wind tunnel data will have to be carefully studied. The effect

of the inlet on aerodyrnamic performance is not anticipated to be large.

The subscale high speed wind tunnel test is the preferred method of developing
an efficient shape for the wing and nacelle to be evaluated during flight.
Multiple geometries can be tested in the tunnel and the appropriate diagnostic
data taken much more efficiently than in flight. The fund 2ntal questions of
the installation (for instance -~ how large are the effects of nacelle
contouring on wing pressures) can be quickly and less expensively resolved in

the wind tunnel as opposed to doing the same thing in flight.

The instrumentatlon required for the high speed wind tunnel testing is similar

to that recommend~d for flight test and is summarized in the following

tabulation:
INSTRUMENTATION PURPOSE
o Floor balances o to measure configuration lift,
drag, and pitching moment.
o Prop~fan drive shaft RPM o prop—-fan thrust and efficiency
thrust and torque and aircraft drag.
o Nacelle surface statics o drag analysis and buoyancy
correction.
0o Wing surface statics o drag analysis.
o Prop-fan plane rake, P o input to prop-fan design.
P and flow a leTOTAL
sTATIC 2°C fOV 4ng
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. DATA TO BE OBTAINED

¢ MRCRAFT LIFT, DRAG, AND PITCHING MOMENT
WITH AND WITHOUT YAW

+  STALL SPEEDS AND CHARACTERISTICS

Cimax
*  APPROPRIATE FLAP SETTINGS

« LONGITUDINAL STABILITY AND CONTROL
¢« LATERAL-DIRECTIONAL STABILITY AND CONTROL

FIGURE 26, LOWSPEED WIND TUNNEL

#2



o

ORIGINAL PhGE i3
OF POOR QUALITY

These data will be used to placard the aircraft so that safe flight operation
will be obtained during low speed, low altitude flight. For instance, the
present conservative restriction of prop-fan operation at 15,000 feet (4,512 m)
or above, noted in Figure 13, will be resolved and perhaps lowered or removed
as a result of these low speed wind tunnel tests. The wind tunnel
instrumentation required is not extensive. All that 1Is needed is the six

component balance data and perhaps some flow visualization equipment.

Inlet D¢velopment

The engine inlet contcours will be developed concurrently with the airecraft
configuration development. The objective is to develop an inlet configuration
which, when operating in the presence of the rotating prop-fan, gives
acceptable steady-state and time-dependent total pressure distortion ai the
engine compressor face. The propeller test rig (PRT) developed at NASA Lewis
for use in the 8 x 6-foot transonic wind tunnel may be used for the testing. A
modification to offset the drive shaft of the PRT will be required to properly
scale the inlet capture areca to the prop-fan and to properly model the duct
offset geometry. A sketch of a typical installation is shown in Figure 26 .
Several Inlet duct geometries will be tested until distortion levels are within
satisfactory levels as established by the engine manufacturer. Following the
subscale wind tunnel test, the selected inlet duct geometry will be ground

tested on the engine by the engine manufacturer.

COMPRESSOit FACE
RAKE — STEADY STATE

/‘ AND DYNAMIC TOTAL
% PRESSURE
DATA TO BE OBTAINED

= STEADY-STATE COMPRESSOR FACE

— DISTORTION
S pu— } BE). +« TIME-DEPENDENT COMPRESSOR FACE
o DISTORTION

<~  INLET INFLUENCE ON PROPELLER
—_— BLADE STRESSES
\ * |NLET DRAG INCREMENT
RAKE FOR INLET DRAG
SURFACE STATIC
PRESSURES Pr AND Pg

FIGURE 26. INLET TESTING

45 GIN J1837
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The subscale wind tunnel test program will also establish the effects of the
inlet on the prop-fan loads and the drag of the inlet. The effect on the
prop-fan will be found by running with and without the inlet present and
measuring the difference in blade stresses. The inlet drag will be found by
placing total and static pressure instrumentation downstream of the inlet face
on the external cowl surface. The estimated location of the instrumentation on
the wind tunnel model is indicated in Figure 26; and the instrumentation

considered for this phase of inlet testing is tabulated as follows:

INSTRUMENTATION PURPOSE

®

o Compressor face steady ] steady state total pressure
state total pressure rake distortion.

*

o Compressor face time o time dependent {dynamic) total
dependent traansducers pressure distortion.

0 Internal dret static o inlet distortion analysis.
pressures

¢ External statle pressures o inlet drag analysis.

0 External total rakes o inlet drag analysis.

*
Location and number of probes to be defined in conjunction with
engiue manufacturer,
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SUBSCALE WIND TUNNEL PROGRAM

Estimated Cost and Schedule

An estimated cost and schedule for the subscale wind tunnel portion of the
aerodynamic development plan is presented in Figure 27. The ROM cost juoted in

Figure 27 does not include any wind tunnel occupancy time.

ROM
COST 0 6 12 18 MONTHS FROM ATP

.« s e . 4 s = s m_ & ¥ . « s

HIGH SPEED $750,000 I———mons. DESIGN AND SPECIIFIGATION

ﬂ_ FABRICATION

mm TEST
- ANALYSIS AND REPT

LOW SPEED $950,000 { TURBING AND PROPELLER DES, FAB AND QUALIF
MODEL SFEC AND DESIGN

Fm=(MODIFY EXISTING DC.9 MODEL)
e FAB WING/BODY

FAB
VNTEGRATE PROPELLER/NACELLE AND W[N(J
wam TEST

e ANALYSIS AND REPT

INLET TEST $750,000 -_-T MODEL AND PTR MODIFICATION DEFIGN
PTR MUDIFIBAT!IDN
INLET 1:<SIGN AIND FABRICATION
= TEST
—AN#}LYSIS AND REPT

V2GEN-23678

FIGURE 27. AERO DEVELOPMENT PLAN — WIND TUNNEL TEST AND SCHEDULE
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Flight Test

After the high and low speed wind tunnel tests, as well as the necessary ground
testing, have been conducted and the inlet/engine ~ompatibility tests
compleced, the fligh*~ test phase of the program can hLe initiated. Figure 23
delineates the major aerodynamic aspects of the flight test program. During
the high speed wind tunnel tests, the aerodynamnic effectiveness of a contoured
nacelle installatior under consideration will be determined. Provided
structural, performance, and cost trade studies verify the overall advantages
and feasibility of the contoured nacelle, the DG-9 aircraft will be wodified to
accept the contoured nacelle installation. Also, the minimum aircraft flight
speeds will be properly placarded. Major discussions of the mechanics of the
flight test program are included in Task VI, however, aerodynamic aspects of
the flight testing are included herein (Task IV) as part of the aerodynamic

testbed systems evaluation.

From the aerodynamic point of view, the pceimary purpose of the ground, wind
tunnel and flight testing is to obtain the net inzcralled thrust-minus-drag of
the wing-mounted propulsion system. The appropriate aerodynamic data to be

obtained during the flight testing are listed as follows:

o Speed and altitude
o DC-9 JT8D-7 turbofan engine thrust

a RPM, thrust, and torque of prop—fan drive shaft
) Surface static pressures {nacelle and wing)
o Prop-fan plane rake static and total pressures and flow angle
0 Internal inlet duct static pressures
o Load factors - u_and n
z Yy
0 Control positions - 3 _, 3 , 9

ce’ w T
o Alrplane attitude and rate of pitch, & & 6; roll ¢ & $; vaw ¥ & ¥

o} Airplane angle of attack -
) Airplane sideslip - B
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These data will then be used to extend the wind tunnel results and analytical
estimates to actual flight conditions for the prediction of full scale prop-fan
aircraft performance. The prop-fan thrust will be obtained to verify the
Hamilton Standard data and to form the reference level for the Douglas

thrust/drag boolkkeeping system.
Basic Data Acquisition

The basic DC-9-10 engine, JT8D-7 turbofan, must be calibrated to determine the
thrust characteristics at flight speeds. This calibration will be conducted in
a manner acceptable to NASA, Douglas, and Pratt & Whitney.

The bhasic DC-9 will be flown to establish the reference drag level for the
thrust-minus-drag measurements. The suggested flight envelope to be used is
shown iIn Figure 28 and the six specific flight test points selected are shown.
These six points will be flown, and the thrust of the calibrated engines will
be used to determine the drag for this and all other configurations.

40
(12) o -
&7 o’
‘XO_/ rd
A’ s
E = P27 | TESTBED
(8 [ 4 /7| FLIGHT |
§ § Q/ /| ENVELOPE
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a w 20 $/ /‘
=2 5? 5§f /
Ewl E d /!
< Z 10 ! ! /
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! /
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FIGURE 28. DC-9 AIRCRAFT OPERATING POINTS ASSUMED IN PERE. ‘RMANCE SPECTRUM
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The nacelle installatlon with the prop-fan removed will then be ingtalled in
the testbed alvcraft and be flown., 'The inlet and nozzle will be faired over to
oliminate the nowzls base drag and momentum losses of the aiv flowing through
the windmilling engine . Surface pressure data on the nacolle will be recorded
in addltion to the thrust (erag) data to form the baseline pressure levels for
buoyuny corrections to the prop-fan force data. The drag data will be used to
determine the intevierence drag of the nacelle on the wing without the prop-fan
flow offects. When comparced to the prop-fan on data with power, these data
will isolate the offects of power from the effocts of the nncolle. The wore
signiflcant affects can be lsolated and, for different prop-fan or nacelle
geometrices, the drap Iinterferonce factors of each component will be known for

application to other counfigurations.

The inlat fairing prescents a problem In that tha fairing will disturb the
pressures used in the buoyancy corrvection. The design of the fairing must be
carcfully tailored using 3-D surface panel potentlal theory to minimize
differences from that of the inlet whew operating wilth flow inte the ewngince.
Different fairing shapes will be studied until pressure distributions on the
nacelle are similar to those predicted by the program with the flowing inlet
veprosented. If pressuve differences exlst for the selected falving shape,
then the Increments will be used to adjust the measured pressure levels to

those of o flowing 1lnlet to obtaln reference levels for buoyancy corrections.

The prop-fan will then be Lfustalled on the drive system and operated at scveral
power levels. During this phase cof the testing, the JTED-7 englne thrust,
obtained from the calibration discussed previously, will be usoed to establish
the net thrust of the prop-fan minus drag. Prop-fan thrust, torvque, and RPM
will be mensuved using prop-fan drive shaft instrumentation; aund nacelle statle
pressuraes will be measuved so that nacelle buoyancy corvections can be wade to

vhe prop-fan thrust.
The data will be used to define the varlous terms in the following equation:

(T-N) = Tingr + Buoyancy + Tyoy — Drag
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where:

(T-D)

TynsT

BUOYANCY

Tnoz

DRAG

prop-fan propulsion system installation thrust minus drag
obtained using calibrated DC-% JT8D-7 engines which 1s equal
to the difference in the thrust required to fly a given
condition with and without the prop-fan propulsion system
Installed,

prop~fan installed thrust obtained using the drive shaft

balance.

axial force correction obtained from integration of
difference ir ..celle surface static pressures between

prop~fan on and prop-fan off.

prop-fan thrust corrected for buoyancy but operating in the
presence of the aircraft. This thrust will be compared to
the prop-fan manufacturers' data obtained on an isolated
prop~fan test rig to determine the effect of installation.
(This term is part of the Douglas thrust-drag bookkeeping

gsystam).

turboshaft engine nozzle thrust cobtalned from calibration of
nezzle and the pressure data.

propulsion system Installation drag as calculated from the
basic equation; this drag term i1s also used in Douglas

thrust~drag bookkeeping system.

The drag term will be compared to estimates made using conventional flat plate

skin friction coefficients. The ratioc of the measured level to the calculated

level will produce an interference factor (K) that accounts for changes in

induced drag due to span load distortions, local boundary layer thickening due

to pressure gradients, and any other factors which could contribute to the

drag.

tunnel tests.

The K factors will also be compared to those obtalned from the wind
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To obtain estimated flight performance, the following equation will be used:
(r-p) = Trso -~ K (estimated drag)

where

T1s0 is the isolated thrust of the prop-fan propulslon system as

supplied by the prop-Fan and englne manufacturer.

A summary of the flight test instrumentation associated with obtaining the

desired acrodynami~ information 1s as follows:

INSTRUMENTATION PURPOSE

o  Thrust, torque, and RPM of o obtain prop~fan thrust and
prop-fan drive ghaft efficiency.

o Statilc pressures on nacelle o prop~fan bouyancy and interference

drag analysis.

o Static pressures on wing o drag analysis.

o Presgsure rake in prop-fan o prop-fan inflow data for prop-fan
plane - rTOTAL' TSTA”IG’ design and analysis.
flow direction required

o Inlet-wall static pressure o inlet flow analysis
and Py, rake at compressor face

0o DC-9 turbofan internal o thrust minus drag (T-D) of installed
Instrumentation to datermine prop-fan propulsion system.
thrust

o Accelerometers o alrplane load factor tracking.

o Control position sensors o control position tracking.

o Attitude gyros o airplane attitude tracking.

o Angle of attack (a) vane o angle of attack tracking.

o Sideslip (B) vane o sideslip tracking.
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A sketch of the location of the proposed instrumentation for installed

propulsion system performance is given In Figure 29,

CONTROL POSITIONS AIRCRAFT ATTITUDE

NACELLE
SURFACE
STATICS

\7THRUST-

CALIBRATED
ENGINES

T SHAFT BALANCE
@ vagagooswf phaaofagaeygopood “} )= T, @, AND RPM
) — I d .
i

WING SURFACE
STATIC PRESSURES (UPPER
AND LOWER SURFACE]

81.QEH- 218504

FIGURE 29. CRUISE PERFORMANCE PRESSURE SURVEY INSTRUMENTATION
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PROPULSION SYSTEM — PROP-FAN/T701 ENGINE INTEGRATION

Figures 30 and 31 present preliminary sketches of the T70l engine/ prop-fan

installations. The engine is installed above and

spar. The engine tailpipe is routed over the upper wing surface and exits at

the wing trailing edge. The three section cuts (F
nacelle at the forward (gearbox) mount, aft engine

gearbox and engine proper.
PROPELLER CONTROL

FORWARD ENGINE MOUNT PLANE {Y,, « £0.288)
REDUECTION GEAR BOX [MODIFIED FROM DDA T.5M

_ -~

g AL T

forward of the wing front
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FIGURE 30, T701 ENGINE/PROP-FAN INSTALLATION
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FIGURE 31. T701 ENGINE/PROP-FAN INSTALLATION {CONTINUED)
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The prop-fan installation and systems characteristics are lremlzed as follows:

© DDA T701 SHAFT HORSEPOWER ENGINE COUPLED WITH A MODIFIED DDA T-50
GEARBOX

o  GEARBOX MODIFICATION REQUIRED

o Reverpe input rotation (main gears o.k.)
¢ 0il1 system modification (due to votatien)
¢ Propellar brake (for feathered prop in flight)

o GEARBOX OIL TANK AND COOLER TNDEPENDENT OF ENGINE AND MOUNTED
IN FIXED STRUCTURE

o EXISTING CIL TANK AND COO7ER ON ENGINE UTILIZED FOR ENGINE ONLY

o  OFF-THE-SHELF PNEUMATIC STARTER USED

0 HARD ENGINE MOUNTS PROVIDED, BUT SPACE AVAILABLE FOR SHOCK MOUNTS

o ENGINE MOUNTS FAIL-SAFE

o PART OF INLET SCOOP BUILT INTO LOWER DODOR

@ ACCESSORY AND TURBINE CQ. \RTMENT SEPARATED BY FIRE SEAL

o FIRE EXTINGUISHING {TWO-SHOT) SYSTEM PROVIDED

o FIRE WARNING (FIRE DETECTORS) PROVIDED

o UPPER PORTION OF NACELLE AND WING FIRE PROTECTED

o FIREWALL FUEL SHUTOFF LOCATED CLOSE TO FUEL TANK BULKHEAD

o HOISTING PROVISIONS IN UPPER NACELLE STRUCTURE ALLOW ENGINE AND
GEARNOX TO BE REMOVED OR INSTALLED AS A UNIT (STRUCTURAL DREAX
AFT qF REAR MOUNT}

o  SMALL ACCESS DOORS IN UPPER NACELLE FOR OIL FILLING, INSPECTION,
AND BORESCOPE INSERTION

¢ OIL TANK SCUPPER DRAINS TERMINATE IN A DRAIN MAST
o  CRITICAL OIL AND FUEL SEAL DRAINS ALSC ROUTED TO THE DRAIN MAST
©  VIBRATION PICKUPS INSTALLED (PROBABLY TRACKING FILTER TYPE)

o PROVISIONS COULD BE MADE TO MOVE ENGINE AND PROP-FAN RELATIVE TO
WING LEADING EDGE {REMOVABLE PLUG IM NACELLE STRUCTURE AFT OF
REAR ENGINE MOUNT AND ATTACH BULKHEAD

o  SYSTEMS OR COMPONENTS WHICH CAN BE DELETED IN THE INTEREST OF
COST SAVING

Ganerator

Hydraulic pumps or system

Envirenmental hleed systems or controls
Anti-icing system on inlet or prop
Remote oil quantity indicator.

0D0O0OCO
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Fuel System

The fuel system connection botween the basie DC-9 afrcraft fuel system and the
prop-fan Ilnstallatlon is shown in Fipgure 32, This particular drawing
represents a one prop-fan/engine installation; the same type Ilnstallat.on on
the other alrcraft wing Is required for the two prop-fan arrangement. As can
be scen, the fuel line Ls connected into the baslec airvcraft fuel system between
the two boost pumps in the main wing fuel tank. The fuel line is then routed
through the front wing spar to a firewall shut-off valve and then te the fuel

connection on the fuel control of the T70l engine.

JTZD RNGINE | I \r
b\
i1 APY
U
I{ll e dj:r"

i

| JT8D ENGINE l L

ENGINE

FIGURE 32, DC9 PROP-FAN FLIGHT TESTBED FUEL SYSTEM e

Opposite Rotation

Investligation of the gains, both aerodynamically and acoustically, of
installing both the prop-fans to rotate up and Llnboard te the fuselage also
entajls a trade study of the engine manufacturer to evaluate the complexity and
cost of providing the engine gearbox with capabilitv to permit opposite
prop-fan rotation. In geneval, such an arrangement is felt to be quite
feasible; a detailed study of such opposite rotation is currvently underway by
Allison.
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Other operational considerations associated with the prop-fan opposite rotation
include the
o clockwise and counter-clockwise swirl from the prop-fan, and

o ceyelic prop-fan frequency dynamic distortion.

Consequences of these operational results may entall such as
) one inlet design for a "worst case" or separate inlets for right and
left hand installations,
o different left and right hand engine operation from the points
of view of performance or transient operations,

o inlet guide vane tailoring for each engine.

These operational comsiderations warrant further investigation before testbed

flight.

Key Characteristics of Prop-fan Propulsion System

The key characteristies of the testbed prop-fan propulsion system, based on the

work performed during Task I through V are summarized as follows:

o T701 with modified T56 gearbox is the most suitable prop-fan drive
for the NASA testbed.

o The largest diameter prop-fan available (T70l engine capaility of
swinging a 9.5 foot [2.80 m] diameter prop~fan) is compatible with

Hamilton Standard recommendations.

o Hamilton Standard recommends use of a modified 54H60 prop-fan
control.
o Allison recommends use of a modified T70l engine control,

o The prop-fan drive can be installed on a DC-9 wing.
An inlet testing must be developed before proceeding with the
testbed flights

o A prop-fan/engine control coordinator may be required for flight
test particularly on the two-engine prop-fan installation).
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ACOUSTIC TESTBED PROGRAM

The acoustic technology objectives identified in Task I are listed here for

convenlence In order of priority:

o Primary Objectives
o Determine prop-fan near field and far field noise
characteristics during representative ground and flight
conditions.
a Determine passenger cabin noise characteristics and fuselage
vibration transmission durlng cruise f£light.
o Determine the effectiveness of varlioue cabin noise

control treatments.

0 Secondary Nbjectives

o Evaluate effects of prop-fan opposite rotation and
synchronlzation on nolse charzcteristics.

o Determine cffacts of scaling model prop—fan acoustiec data to
large scale applications with flight effects.

0 Obtain acoustic data to verify or modify existing theoretical
prediction models.

0 Obtain acoustic data to develop and verify procedures for
predicting FAR Part 36 noise levels.

The production DC-9 turbofan fuselage sidewall acoustic treatment 1s shown in
Figure 33. This sidewall configuration will not provide sufficient
attenuation to meet the selected interior noise goal on the testbed alrcraft.
Therefore, treatment modifications must be identified that will meet this goal.
A laboratory test program to identify promising treatment designs is described

in a subsequent section,

Resolution of Acoustic Technology Objectives

The possibility of accomplishing the acoustie technology objectives by a
program which includes high and low speed wind tunnel and static test stand

work is discussed in Task I and is summarized in Figure 34.
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FIGURE 33, PRODUCTION DC9 SIDEWALL ACOUSTIC TREATMENT

RESOLUTION BY:

TESTBED AIRCRAFY WIND TUNNEL®
MEASURE NEAR- AND FAR-FIELD YES PARTIAL
NOISE DURING GROUND AND
FLIGHT CONDITIONS
MEASURE CABIN NOISE AND YES NO
VIBRATION DURING CRUISE
DETERMINE EFFECTIVENESS OF YES RO
ACOUSTIC TREATMENT (ADD-ON TYPES)
EVALUATE OPPOSITE ROTATION YES NO
AND SYNCHRONIZATION (2-PROP-FAN

NACELLE PROGRAM)
OBTAIN FLYOVER DATA FOR FAR 18D POSSIBLE
PART 36 PREDICTIONS
OBTAIN FUSELAGE RESPONSE YES NO
DATA FOR MODEL VERIFICATION
OBTAIN FUSELAGE LOAD DATA TO YES PARTIAL
DETERMINE SCALING EFFECTS

* CONSIDERING HSWT, LSWT, AND STATIC TEST PROGRAM

HCINTAHA

FIGURE 34. RESOLUTION OF ACOUSTIC TECHNOLOGY OBJECTIVES

1t 1s coneluded that the wind tunnel program alone will not provide a means for
accomplishing wmost of the acoustic objectives. The measurement of near fleld
noise may be partially accomplished by performing acoustic tests in the Ames 40
x 80 low speed wind tunnel. Acoustic measurements in a non-acoustic wind
tunnel {like the 40 x 80) present problems with the background and reverberant
noise levels, in addition to the Mach number limitation. Existing acoustic
wind tunnels are too small to accommodate a half span test using a 9.5 foot

(2.90 m) diameter prop-fan. Size limitations present a problem even in the
Ames 40 x 80 foot tunnel if one proposes to Include a simulated fuselage

surface as part of the test fixture.
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However, meecsurement of near ficld noise during half span testing in the 40 X
80 foot wind tunnel without a simulated fuselage surface is a possibility,
although the data quality will probably be marginal. Absolute levels of
prop~fan noise measured in this manner will be unreliable; but the data will be
useful for examining noige trends with variations in measurement location,
installation geometxry, and operating conditions. Static test stand acoasrtic
measurements on an open propeiler rotor have bean shown to give unpredictable
results because the flow field of a static propeller or fan greatly modifies
the structure of turbulence present in the atmosphere. Spurious random sources
are then created when blades encounter the turbulence. Some sophisticated data
analysis techniques, designed to separate random and periodic nolse, have been
used on static propeller noise (Reference 4). The utility of the methods has
not been established, however, since no direct comparison of data so reduced
has ever been made with flight data, Test stand measurements are also
Incomplete because they do not include local flow field modificatlon by the
praegence of the alrcraft, have incorrect relative velocities between the
airstream and the blades, and have different convective amplification effects
than the free flight case.

Other acoustic objectives which have some possibility of resolution by a static
test stand and wind tunnel program alone are the determination of scaling
effects and the measurement of far field noise for development of FAR Part 36
predictions. However} these objectives would suffer from the same problems
mentioned above. The remaining objectives have no possibility of being
accomplished with a wind tunnel program. Subsequent discussion will,
therefore, be confined to resolution of acoustic objectives by a testbed
aircraft flight program. Resolution of all acoustic technology objectives
could be accomplished with a program which includes laboratory testing of
acoustile treatment designs, and ground static testing, taxi testing, and £light
testing with a two prop-fan system mounted on a testbed aircraft. The elements
of this program are shown in Figure 35. In the case of the outdoor test stand,
the measurement of near and far field noise is dependent upon the facility

selected for the static testing.
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Level flyovers at 82,000 feet (610 m) altitude are desired; however, these

flyovers are contingent upon the flight envelope restriction discusssed in Task
IIT and in the aerodynamic testing of this Task IV.

LABORATORY TESTING

+ |DENTIFY BASELINE SIDEWALL ACOUSTIC TREATMENT

¢ IDENTIFY ADDITIONAL PROMISING THEATMENT DESIGNS
OUTDOOR TEST STAND

*  PROP-FAN/ENGINE/GEARBDX/NACELLE SYSTEM

«  MEASURE NEAR- AND FAR-FIELD NQISE
GROUND RUNUP AND TAXi TESTING

*  TWO PROP-FAN SYSTEMS INSTALLED ON AIRCRAFT

s  MEASURE NEARJIELD, FAR-FIELD, AND INTERIOR NOISE

FUSELAGE EXTERNAL ACOUSTIC LOALS

ALYITURE + BLADE PASSAGE FREQUENCY
*  MACH NUMBER + PROP-.FAN POWER LOADING
+  TiR SPEED = OLADE ANGLE

INTERIOR NOISE

BASELINE ACOU SIC TREATMENT

ALDITIONAL TREATYMENT DESIGNS (ALSO BARE WALL)
VARIDUS DPERATING CONDITIONS

OPPOSITE ROTATION

SYNCROPHASER EVALUATION

SELECTED FLIGHT CONDITION

& & o 9

CABIN ABSORPTION

MEASURE REVERBERATION TIMES FOR BARE-WALL AND
TREATED CONFIGURATIONS

BL-GEHZIA29A

FIGURE 35. ACOUSTIC TEST REQUIREMENTS

Laboratory Testing

Laboratory testing will be performed in an acoustic facility and will be used
to identify a baseline acoustic treatmenc design. The baseline treatment will
be of the add-on type (no chanpges to aircraft fuselage structure) and will be
the most efficient sidewall design identified in the test program; this preogram
will provide the transmission loss predicted to be necessary to achieve a
selected interior nolse goal on the testbed ailrcraft. Additional promising
treatment designs will also be fdentified in the lab test program; a design
incorporating change to the outer fuselage structure will be included. Some of
the acoustic treatment changes that will be investigated during the laboratory

test program are shown in Figure 36 and 37.
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FIGUME 36, 1IS0GRID STRUCTURE
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Outdoor Test Stand

Outdoor test stand acoustle measuraments on an open rotor have significant
problems ag mentioned previously. lowever, assuming the prop-fan/engine/
gourbox/nacelle system will be run on a test stand with acoustie measuremont
capability, it is proposed to obtain noar fleld and far fleld acoustic data at
the same time ns the othor statie testing, Figure 38.

ﬁ:——-—xw FEEY (48,7 m)-—l
T R , . 0
RADIANS
EMSARRN:YWC JJEE \ ( )
e

® = MICROPHONE LOCATION PROP PLANE

QUTDOOR TEST STAND FACILITY AT QUARTISITE, ARIZONA notwaEn

FIGURE 38, MEASUREMENT OF NEAR. AND FAR-FIELD NOISE ON OUTDOOR TEST STAND

This test will be useful for two reasons. The data wmay provide advance
lnformation of fuselage ncoustic loading and community noise representative of
conditions at brake release. The static test stand measurements may also
provide a valuable data base for future investigations which rely on static

ncoustic data to predict in-flight noise. The ability to use static data may
become important when the prop-fan system achieves production status becauso
the alvframer must understand the sltuation with regard to nolse certification
of the alreraft prior to construction. The alternative to using static
acoustic data {s the use of purcly theoretical techuniques, which may not
insplre the same level of confidence as test data. It is fele that the
non-periodic effects of turbulent inflow to the prop-fan can be analyzed and

may not pose an Llnsurmountable problem.
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Grouwt Statie Runup

Acoustle weasurvements will be porformed with the tosthed aiveraft oporvating on
the grvound during atatic vanup,  The acoustle tests will consltat of wear fleld,
Far fleld, and dnterlor polse measuromenta duriag prop=fan engine operation at
power settings typleal of ddie/warm=up, tuxi and takeoft. Fusolage and cabin
vibration levels will also be measured durdng this part of the teating. The
near fleld and Interlor nolse wmoasurements Wwill {dontify fuselage loads,
fugotage/atdowall unelae veductfown, and luterlor walae levels in the ground
vunup onvivonment. The measuromoents will be performed with the basaelline
acoustie treatment Installed. 'The fav flold measurements , Flgure 39, may
provide Information for predicting communlity nolse during ground stutice
operatlonag, In the ovent that far fleld molse cammot be weasured duving the
teat atand engine runs, an attewpt willl be wmade to velate the far fleld nolse
measured durlng ground statte and taxld tosta with the data measured during
level [lyovers. Tt 1s felt that the capablllty of prodicting In-flight levels
from statiec data may be a neceagary logrvedlent {n any {utuve productlon

program,

N\
\\ b v - 800 FT {16404 i}~ =
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{3.14) {RADIANS)
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(297} (0178
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(279} (0849}
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AR 110 700 L
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- REMENT LOCATION oban (L

MEASUREMENTS YO BE PERFORMED IN A SURVEY MANNER AT
POWER SETTINGS REPRESENTATIVE OF IDLEAWARMUR, TAXI, AND TAKEOFF

LRI E LAY

FIGURE 39, MEASUREMENT OF FAR.FIELD NOISE DURING GROUND RUNUP
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In order to complete the data necessary for the intevior nolse evaluation, it
is proposed to wensure cabin absowption cocfficients. This will be done durlng
ground testing by performing reverbarabtion time measurcments using an
internally=mounted randow noilse gource. Roverberation times will be wmeasured
in the areca of awcoustic trveatment modifiention while on the ground, using the
same mlevophones as for the laterifor nolse measurements. Reverberation times
will be measured for the sidewall configuratious that vary significantly in
absorption (i.e., bavewall, barewall damped, baseline).

Flight Test

The flight test program will include measuvement of near fleld noise as well as
interlor noise and vibratlon during various cruise conditiong throughout the
flight envelope. The conditions will be selected to investigate the effects of
the following oporvating pavamecters: altitude, airvspeed, prop-fan tip speed,
blade passage frequency, prop-fan disce loading and blade angle. These
measurements will be performoed with the baseline acoustic treatment installed.
The tests will measure fuselage acoustic loading, fuselage/sidewall noise
reduction, fuselage response, interlor noise, and ribratlon levels at tho
selected operating conditions. The fuseolapge luad dota will also allow
determination of the effeets of scaling model prop-fan data to lavge
ingtallations with €light offects; and the fuselage response data will provide

the means for verification of existing theoretical prediction models.

Another portion of the Flight test program will consist of wmeasurements of
external load, fuselage response, and Interior noise with alternate acoustic
trcatment designs installed. The alternate designs to be tested will have been
ldentified {n the laboratovy test program., Two bavewall configuratlions will be
included, owa with damping and one without damping, in order ta identify the
absolute noilse veductlons of the fuselage structuve and the sldewall teatments
sopavately. Acoustic and vibration measurements will he made In the barewall
configuretion with constrained layer viscoelastic damping treatment applied to
the skin pancls (in addition te the undamped barcwall wmeasuvements), The
altovnate sidewall designs will be evaluated at one of the £light conditions
scelected for the baseline treatment in order to minimize the number of

variables involved and to provide a readlly discernible basis For compavison.
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In aadition, (t 1s planned to test a treatwent configuration that includes
changes to o soctlon of the basie fuselage structure, The change may include
the uar of isogrid structure, which preliminavy laboratory testing shows to
have good attenuation churvacteristics {w the low and mid freguency range. The
modified fuselage structure will be tested at the same flight condition as the

othor treatwent desigus, preferrably in the barvewall configuvatlion.

Other acoustic objoctives which can be accomplished during this phase of the
toest program Iinclude the evaluation of prop-fan opposite rotation and
synchrondzing (assuming a two-prop-fan testbed). Presumably, 1f opposice
votation is selected for the testbed program, the testbed alreraft will be
flown primarily with the opposite-votating systems installed. A comparative
evaluation can be conducted by installing same-votating systems (perhaps using
one of the prop-fan/gearbox spares scts) and measuring external load, fuselage
response, lnterlor noise, and vibration durdng crulsce at the flight condicions
previously selected for testing the acoustic treatment designs. The opposite
rotatlon evaluatlion can be run with any of the sidewnll treatments lnstalled,
but it is preferable to use the baseline treatment as it will have a broader
data base. ‘Therefore, it may be advisable to perform this evaluation bheforve
the baseline treatment s vemoved., Prop-fan synchronization can be ovaluated
simply by disconneccting the synchronizer and allowing the relative phase of the
prop-fans to change. 1Tt 1s desirable to be able to monitor the velative phage
angle of the prop-fans and record it simultanecously with the acoustle and
vibration data. Data to be measuved during the synchrouization evaluation

includes external loading, fuselage vesponse, Interlor noisa, and vibration,

It may be possible to measuve far fleld noilse lovels using the testbed alveraft
by performing a series of level flyovers at low altitudes of = 2,000 feot
(610 m). However, at the present time, theve is an approximate lower altitude
limic of 15,000 feet (4,572 m) imposed on the testbed flight envelope for
safety reasons. Tt is predicted that a one-engine-out condition balow 15,000
feet (4,572 m) way introduce stability and contvol problems {discussed in
aerodynamics section). Therefore, the level flyovers at low altitude may be

contingent upon relaxatfon of this restriction.
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Testbed instrumentation includes an exterior flush~mounted microphone arvay in
the area of high prop-fan acoustic loading of the fuselage. A fairly extensive
array will be mounted on one side of the fuselage with a smaller array on the
other side (for the two-prop-fan testbed). The large wicrophone array is used
to determine relative phase contours and magunitude of the prop-fan nolse field
on the fuselage, while the smaller arcay is used primarily to acquire magnitude
Information. Additional microphones may be placed on nacelle and wing surfaces
to measure the strength of the acoustic fileld for sonic fatigue analyses. Fovu
the evaluation of prop-fan opposite votation, the prop-fan installation to be
changed should, preferrably, be on the side with the more extensive microphone
array, Instrumentation includes interior mlcrophones located near both
sidewalls and on the fuselage centerline. These microphones are hard-mounted
and located in the erea of high prop-fan loading. There will also be a
portable recording system on board to investigate problems which may arise. 1In
addition, 1t is planned to install a number of accelercmeters to measure
fuselage and cabin vibration in key locations such as skin panels, frames, trim
panels, floor, etc. A sketch of the testbed aircraft acoustic and vibration

data acquisition system is shown in Figure 40.

CENTERLINE EXTERIOR
MICROPHONES FLUSH-MOUNTED
MICROPHONE ARRAY
TWO.ENGINE B
PROGRAM ONLY Z /\\
ACCELEROMETER
ARRAY MOUNTED
ON SKIN PANELS
AND RING FRAMES
A
} SIDEWALL MICROPHONES
A r
H \ f
VIEW LOOKING AFT J—

FIGURE 40. MEASUREMENT OF EXTERIOR/INTERIOR NOISE AND FUSELAGE VIBRATION
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The tostbed ailrcraft will have a reprosentative passenger interior in the area
of prop-fan loading including scats, carpet, and interlor panels. The data
recording equipment will be located away from this area, probably in the vear
of the aircraft. All neccessary data reduction equipment and technlques are
available at the Douglas Loug Beach facility as discussed in the Elight test
portion of this report, Task VI.
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TASK V
CONCEPTUAL DESIGN OF TESTBED SYSTEMS

The principal design changes to the basic DC-9 ailrcraft for the DC~9 prop-fan
testbed are ancompassed in the integration of the prop-fan/engine/nacelle into
the baslic DC-9 aireraft. With this propulsion system change, minor
modification to the fuel supply system, controls, and the installation of
necessary flight test instrumentation and recording equipment, the basic DC-9

may be converted to an appropriate prop-fan testbed airplane.

To properly orient the prop~fan/engine/nacelle on the aireraft wing, the
aircraft characteristics and propulsion system local onset flow field are
evaluataed. For the DC-9, the aircraft a) ,le-of-attack as a function of 1lift
coefficient (Cp) 1s shown in Figure 41. The aircraft aungle-of-attack I1s
referenced to the fuselage reference plane. Using these data and the flow
field data similar to that shown in Figure 42, the excitation factors for
several fore and aft locations of the prop-fan are evaluated at critical flight
points. The results of this work provide the prop-fan orientation angles such

as are shown in Figure 13.
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FIGURE 41. DC9 LIFT VARIATION WITH ANGLE OF ATTACK
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FLOW FIELD AHEAD OF THE WING IN THE WiNG PLANK
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FIGURE 42, DC-9 WING BODY FLOW FIELDS

The nacelle external lines for the finalized DC-9 flight testbed may be
contoured 1n such a mamnner as to minimize the local disturbances te the wing
flow. Analytical methods will be used to determine the local flow streamlines
and the nacelle will be accordingly shaped, within practical structural and

mechanical constridints, to these streamlines.
The final prop-fan/engine/nacelle installation on the wing, from the

aerodynamic point of view, will be evaluated by taking into account the

pressure distributions calculated for the proposed flight test geometry.
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NACELLE AND WING STRUCTURAL INTEGRATION

The installation of a prop-fan on the wing of a DC-9 testbed alrcraft is a
simple arrangement within minimum rework required to the existing structure.
The aireraft is to be refurbished, upon completion of the test program, to its
original configuration. The location of the prop-fan in relation to the wing
is ecritical, requiring a long nacelle which extends well forward of the wing

lecading edge.

Previous turboprop installations have been mounted to a metal tube truss
arrangement as the propellers were generally a short distance forward of the
wing leading edge. These original structural arrangements utilizing tubular
members were not fail-safe due to a single strut configuration. Fixes
incorporated into this type of arrangement added welght to both the pearbox
mount and to the supporting nacelle structure. Consequently, wich the long
nacelle necessary for the satisfactory prop-fan installation, consideration is
given to an integrated structural design. This has proven to be a feasible

arrangement.,

Two different turboshaft engines, the Allison T70l and TS56, are considered for
use as the power source for the prop-fans. Fach utilizes the same gearbox with

some slight modifications.

Preliminary sketches of the T701 and the T56 engine installations on the
DC-9-10 wing are shown in Figures 43 and 44, respectively. The T70l
arrangement 1s more compact and the nacelle size meets the preliminary
requirements for blockage limitations set forth by Hamilton Standard for an
approximate ten foot (3,05 m) diameter prop-fan.

The length of the nacelle supporting the T701 engine package is 169 inches
(429 em), or 14.08 feet (4.29 m). This is measured from the wing quarter chord
to the prop-fan plane. The T56 installation is 179 inches (455 cm), or 14,91
feet (4,55 m), based on the same ground rules. Based on Hamilton Standard
data,(Reference 2) shown in Figure 45, the minimum length for the T701 nacelle

designed for M., jeo = .8, with the ten foot (3.05 m) diameter prop-fan, is 147
inches (373 cm or 12.2 feet (3.73 m).
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{3.05m) DIA
PROP-FAN

LOIH 1By

FIGURE 43. INSTALLATION OF ALLISON T701 ENGINE AND PROP-FAN ASSEMBLY ON
DC-9-10 AIRCRAFT WING

WING C/4

179 IN. (455 cm)

8-FOOT (2.44 m) DIA
PROP-FAN

noceyie

FIGURE 44, INSTALLATION OF ALLISON T56 ENGINE AND PROP-FAN ASSEMBLY ON
DC-9-10 AIRCRAFT WING
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FIGURE 45. MINIMUM PROP-FAN NACELLE LENGTH AND LOAD DATA (REF 2}

The winimum length of the T56 nacelle, with an 8 foot (2.44 m) prop—fan, is not
quuced on Figure 45. The T56 nacelle is longer than the T701 nacelle and is,
therefore, assumed to exceed the minimum Length, The nacelle lengths are
determined by positioning the engines completely forward of the wing front
spar. This positioning allows easy access to, and removal of, the engine

without removing the nacelle.

The basic diameter of the nacelle for the T7Ci installation 1s 42 inches (107
cm) which corresponds to 35 percent of the 120 inches (305 cm) prop-fan
diameter. This 1s compatible with the Hamilton Standard recommendations as
noted on Figure 46.
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—
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|
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PROP-FAN DIA |
1
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- |
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0 10 20 30 AD 50 60
SHP/D2 AT 35,000 FT (10,668 m) S. D. (DESIGN CASE)
[ i 1 1 | ]

0 100 200 300 400 500
KW/m 2 B2GEN-2825

FIGURE 46. RECOMMENDED NACELLE/PROP-FAN DIAMETER RATIO

The T56 installation has the same gearbox; therefore, the nacelle can only be
reduced to a minimum of 38.5 inches (97.8 cm) diameter, thus the nacelle to
prop~fan diameter ratio becomes 40 percent which is in excess of the Hamilton

Standard recommendation.

Guidelines were established by Hamilton Standard for the design of the prop-fan
spinner and hub. The shape of the system is plotted in Figure 47. The T701
engine installation is able to conform to these lines. The T56 nacelle

requires a larger hub than the 35 percent recommended.
As noted in previous sections, the Allison T701 engine package is selected for

the DC-5-10 testbed installation. The structural configuration will be
described for this system in the following paragraphs,

112



ORICH L PAGT to
OF PCOR QUALITY

0‘4 1 ] 1 ) | lgerAlgTE‘ 1 1 ] 1 1
AXIS
T
03 //
0.2
0 |2

-4

1 1 1 1 | L 1 1 ) 1

] )
—06 —05—-04—-03—02-01 O 01 02 03 04 05 06

Y/R prop

(IR U R ]

FIGURE 47, RECOMMENDED PROP-FAN SPINNER AND HUB DESIGN

Structural Configuration

The structural arrangemeni of the T70l nacelle is a horseshoe shaped
semi-monocorque aluminum configuration consisting of frames, stiffeners and

skin, as shown in Figure 48.

21-IN, (63.3 cm) R ~ D,060-IN. (0.152 cm} SKIN

11 75 IN. o SKIN GAUGE
52 IN. R (38.1 cm) 0.06-IN, (0.152 cm) THICKNESS
{131.20m) 12 e ZEE STIFFENERS
13— 11 PIECES, 1-IN. {2.54 cm) DEPTH
+ » CHANNEL BEAMS

2 PIECES — 3-IN. (7.62 cn) WIDTH
1.41-IN. {3.58 cm} HEIGHT

s g — 50,000 P8I {3615 kg/m?) FOR NACELLE
TEST BED

/

~<NACELLE DOOR

#0-GEK 274560

FIGURE 48. DC-9 PROP-FAN NACELLE STRUCTURE
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A modified TH pearbox and a T701 engine arce sccured together as a single unit;
therefore, thoir structural support 1s at che gearbsx centerline and the aft
mount of the engine. TFail-snfe supports can be designed at each attoch polnt

and the shell structure ls o fall~sanfe membar betwean them.

Access to the oengine sectlon 1s through an necess door covering the entire
lower portion of the nacelle. The door opening Ls from the back face of the
geachox to widway between the wing leading adpe and front spar. Tha door 18
hinged on the outboard side and when closed and latehed will provide a torque
path for the halanco of the structure. The door struacture ls an aluminum fnner

and outer skin arvrangement stiffened with aluminum ribs.

The engine and gearbox assembly 18 positioned at an angle to the centerlline of
the nacelle, in the profile view, in order to provide adequate prop-Ffan pround
clearance and to keep the nacelle close to the wing upper surface. The engine
tall pipe s positioned so that any raw fuel from engine starts will drain aft,
away from wing structure.

Nacelle Attachment to Existing Wing Strueture

Two aircraft have been consldered for the flying testbed. They are the =10 and
~30 serles af the DC~9 alrplane, The two wing structural boxes are similar.
The -30 {8 more difficult to rework bocause of the leading cdge slat systom.
The proposed structural integration of the prop-fan nacelle {8 such that a
minimum of rework is necessary to the wing box. Two machined fittings are
mounted to the forward side of the front spar., Straps are installed on the

upper and lower skins to introduce the loads into the wing box.

Two machined fittings are attached on the aft side of the rear spar with straps
from the fittings to both skins. The forward set of attachments rvesist
vertical, thrust, and side loads. The aft set has vertical and side loads., A

plctorial view 18 shown In Figure £9.
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FIGURE 49. SCHEMATIC OF NACELLEMWING STRUCTURAL INTERSECTION

The nacelle extends aft over one spoiler and the flap system. Therefore, this
spoiler and the opposite wing spoiler section must he deactivated. The nacelle
support fittings on the rear spar do not encroach upon the spoiler structure;
therefore, no stru iural rework is required. The nacelle is cantilevered from

the rear spar aft; consequently, operation of the flap system is not affected.

The wing leading edge structure is removed in the area of the nacelle and will
have to be replaced for refurbishing. The -10 series alrcraft has only the
fixed leading edge. The -30 series has a slat system that must be deactivated
en the opposite wing Ffor flight tests. The rework of the slatted wing is more

extensive than for the fixed structure of the ~10 aircrafe.

Preliminary Load Criteria

The DC-9 aircraft design speeds are plotted in Figure 50 for both the -10 and
=30 serles. Each has an 0.84 Mach number cruise capability at altitude, from
23,500 to 35,000 feet (7,163 to 10,668 m).
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FIGURE 60, AIRGRAFT DESIGN SPEEDS

The prop-fan/gerbox system strength will be assumed to he safe life, thus
precluding fall-safe design for any remote possibillty of a seizure of the
rotating clements. However, engline selzuve of the pgas gewnerator, vesulting in
decoupling between itself and the gearbox, will be consldercd. Spool-down time
will be one (1) second for any single spool seizure. The spool-down time for
any two spool selzures will be two {2) seconds. This follows DC-10 fan jet

critercia.

Structural integricy involves safe £light throughout the expected flight regime
for the prop-fan testbed. Structural placards related to possible restrictions
such as gross woelght, mancuvors, placard speeds and touchdown sink rate will be

determined in the design phase.’
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The loads used to define the preliminary structural member sizes are based on
typlcal wing mounted nacelle load factors from the DC-10 criteria. The noted
load factors and thrust loads are listed in Figure 51. The preliminary
analysis gives values For wing-to-nacelle attach loads that can be tolerated by
this structural arrangement without a major wing rework program. The loads are
noted in Figure 52, The final nacelle~wing attach loads will be determined in
the testbed design phase.
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FIGURE 51, NACELLE STRUCTURAL LOADS
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FIGURE 52, NACELLE/WING FRAME SUPPORT LOADS
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Preliminary Whirl Mode Analysis

Hamilton Standard has determined the minimum structural stiffness required to

prevent the prop-fan whirl mode and it is replotted as a "carpet"

53. The stiffness of the nacellee is shown in Figure 54.

plot, Figure

(0.24) 4
2 2 L NOTE: THI5 IS REPLOTTED
= - V(488 STANDARD'S DATA
= (020)- oo W ' PRESENTED IN
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S » J— PAPER.
» R Sa.57)
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FIGURE 53. NACELLE STIFFNESS REQUIRED TO PREVENT WHIRL FLUTTER VERSUS

PROP-FAN-DIAMETER-TO-NACELLE-LENGTH RATIO

|--—|. = 125 IN. (317 cm)—..lg

2

GEARBOX FRONT SPAR
C.G.LOCATION BULKHEAD STATION
DOWNWARD DEFLECTION

(FROM TIE-IN OF NACELLE TO WING TO CENTER OF GEAR
0.0361 INCHES PER 1000-LB LOAD (0.0917 ¢m/453 kg)

LATERAL DEFLECTION

(APPLIED AT ATTACHMENT OF GEAR BOX ON NACELLE)
0.0231 INCHES PER 1000-L8 LOAD (0.0587 cm/453 kg)

FIGURE b4. STIFFNESS OF PROP-FAN NACELLE
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Definition of terminology shown in the preceding Figures 51 and 52 1s as

follows:

minimum ecffective torsionnl stiffness of wing/nacelle
mount system (pitching)

distance from the wing C/4 statlon to the prop-fan plan
of rotation

prop-fan diameter

A preliminary flutter/whirl mode analysis is performed to determine the

feasibility of installing the prop-fan assembly as far forward of the wing

required with the stiffened monocoque structure as developed.
performed using the Allison T70! engine with a 10 foot (3.05 m) diameter

blade prop-fan with a tip speed of 800 feet per second (244 m/sec).

The results are shown in Figure 55.
flutter-freec and stable in a whirl mode up to 1.2 Vp (475 KEAS) [475 km/kg)

the DC-9 airplane. These conceptual analyses will be expanded prior to design

ralaasc.

6l O Minum
EXPECTED
DESIGN VALUES
5 STABLE ZONE
ENGINEYAW 4 | ’7’- UNSTRIE
FREQUENCY
(Hz) 3t
2 DIVERGENCE ZONE
1 -
L ] | ] | |

0 1 2 3 4 § ] 7
ENGINE PITCH FREQUENCY ({Hz)

Ty

FIGURE 55. WHIRL FLUTTER BOUNDARY

Prop-fan Excitation Factors

Hamilton Standard performed several analyses to determine the effect

The total installatlon is predicted to

as

This analysis is

10

be
of

on

prop-fan excitation factors of length of nacelle, wing sweep, and direction of

rotation near the fuselage for the DC-9~10 aireraft.

The lowest factors for

the T701 and TS56 installations occurred for a prop-fan rotation where the tips

rotate up near the fuselage (up inboard).
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The e¢ffect of prop-fan rotation on excitation factors are compared to design
values formulated by Hamilton Standard and are presented in Figure 56. As
shown in Figure 56, the excitation factors are lower for the up-inboard
rotation case. The prop-fan excitation factors are calculated for the TVl
engine installation on both the -10 and -30 series of the DC-9. The results
arc compared to each other and to the established design values shown on Figure
57. For this comparison the prop-fan rotatlon considered in this figure is
down-inboard., The series -30 arrangement has the lowest calculated values for
the exeltation factor.

DC-9-10
PROP-FANDIAMETER 9.5 FT (2,90 m) T-701
8.1 FT (2,47 m) T-56

NACELLE DOWNTILT — 4,3 DEG (0.075 rad)
PROP PLANE DISTANCE TO WING C/4 = 14.08 FT (4.29 m)
MAXIMUM WEIGHT CLIMB

HAM STD
PROP-FAN ROTATION DESIGN UP INBOARD DOWN INBOARD
VALUE
TURBOSHAFT ENGINE T-56 T-701 T-56
EQUIVALENT DES 1P EF 4.5 3.670 4.753 4.617
BASIC 1P ONLY 3.3 3.255 3,329 3.253
L [P 1.0 1.0 1.0 1.0
|2 0.375 0.058 0.312 0.308
< {3p 0.111 0.052 0.085 0.092
© | ap 0.048 0.010 0.023 0,023
5P 0.024 0.002 0.007 0.006

RGN I AEA
FIGURE 66. EFFECT OF DIRECTION OF PROP-FAN ROTATION AND EXCITATION FACTORS (EF) OF
PROP-FAN INSTALLATION

MAXIMUM WEIGHT CLIMB
PROP-FAN DIAMETER — 9.5 FT (2.90 m)
PROP-FAN ROTATION — DOWN INBOARD

HS DC-9-10 DC-9-30
DESIGN
VALUES T-701 T-701
EQUIVALENT DES 1P EF 4.5 4.753 2.940
BASIC 1P ONLY 3.3 3.329 2.736
1P 1.0 1.0 1.0
= iy 0.375 0.312 0.072
'5 3p 0.111 0.085 0.004
m | 4P 0.048 0.023 0.008
5P 0,024 0.007 0.003

SOLEN ITNLA

FIGURE 57, DC9-10 AND DC-9-30 PROP-FAN EXCITATION FACTORS
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Sensitlvity of the prop-fan excitation factor to nacelle installation geometry
is calculated for the T70! engine on the DC-9-30 airplane. Parametric
variatilon of down tilt angle and nacelle length (Figures 56 through 58) arc
considered, The down tilt angle refers to the orientation of the prop-fan
relative to the wing zero 1lift line such that the inflow to the prop-fan is at
or near zero degrees. The down tilt angle for the prop-fan 1s varied from
0 degrees to -6 degrees (.105 radians)., The 6 degree (.105 radians) down tilt
position has the smallest excitation factor. As can be seen from Figure 58,
the shorter nacelle length, 9.0 feet (2.74 m), results in considerably higher
excitution factors over those assoclated with the basic design length of 14.08
feet (4.29 m).

ORIGINAL PAGE IS
DC-9-30
OF POOR QUALITY
T-701 TURBOSHAFT ENGINE
MAXIMUM WEIGHT CLIMB

PROP PLANE TO C/4 = 14,08 FT (4.29 m), DOWNTILT = 4.3 DEGREES (0.075% rad)
PROP-FAN ROTATION — DOWN INBOARD

NACELLE,

gAsic - | LENGTH DOWNTILT DOWNTILT | DOWNTILT
CONDITION wyon (G108 by (0095 oty = 0DEG
EQUIVALENT DES 1P EF 2.940 4.682 2.139 4.0811 5.130
BASIC 1P ONLY 2,736 3,619 2.031 3.682 4,500

1P 1.0 1.0 1.0 1.0 1.0

‘é‘ 2P - 0.072 . 0.135 0.044 0.108 0.138
2 3P 0.004 0.043 0.007 0.002 0.004
m | ap 0.008 0.005 - 0.010 0.006 . 0.005
5P 0,003 0.0003 0.004 0.003 0.002

*[REFERENCE CASE|
B GEN-THIOA

FIGURE 58, SENSITIVITY OF PROP-FAN EXCITATION FACTOR TO NACELLE INSTALLATION GEOMETRY
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Alternate Testbed Structural Arranpgement

The baBlc installation of the prop-fan nacelle on the wing is shown in Figure
43. The excitation factor is Influenced by the nacelle length as measured from
the wing quarter chord and by the angle the prop~fan plane makes with the wing
zero lift line., Therefore, a proposed testbed structural arrangement to
determine flight test data for various nacelle lengths and prop-plane tilts is
developed during this phase of the study. A schematic is shown in Figure 59.

Wb

FAIRING
NACELLE/SUPPORT N .,/_ OVERLAP
OIVIOING PLANE \ O pvoT . ﬁlﬁ P
T j./— A-A
TYPICAL FRAME TYPICAL FRAME
{4 PLACES) S (4 PLACES)]
7] 7 A=

5

N4 .

AN
_l"‘w ADJUSTMENT
20 FOR NACELLE
20 TILT = 0 TO 3 DEG {0.052 rad)
[NOSE DOWN]

! ) 101N, t254 cm} LONG DOOR
2 ) SEGMEN
VA (Tvmcm. 3 PLACES)
sAIN IR

FIGURE b9, PROPOSED NACELLE TESTBED ARRANGEMENT FOR VARIOUS
PROP LOCATIONS AND TILT RELATIVE TO THE WING

The nacelle 1is attached to a mounting plate with eight tenslion bolts. There
are three additional nacelle frames each at the wing front and rear spar
attachment locations. Thus the nacelle may be moved as much as 30 inches (76.2
em) aft from the initial installation. The lower access door has three 10 inch
(25.4 em) long segments that may be removed separately as needed when moving

the nacelle aft.

The wounting plate is arranged such that it may be tilted nose down by pivoting
at the wing front spar location. The wing rear spar connectlon controls the

amount of tilt., The simple mechanical adjustment could be made on the ground.
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PREFERRED NACELLE/WING INSTALLATION

Preliminary layouts and conceptual analyses have shown the feasibility of
installing a semi-monocoque structure nacelle, by means vf four-point
attachment, to a DC-9 wing for flight testing. The resulting structural
stiffness is adequate to prevent whirl flutter. Provision 1s made for easy
engine removal. Rework of the wing box structure is minimized as an ald to
refurbishment after the test program. Summary of the advantages of this

englne/prop-fan structural mounting concept is given in Figure 60.

SIMPLE, STRAIGHTFORWARD MOUNT

STIFF MOUNT EFFECTIVE IN FLUTTER AND/OR WHIRL
FLUTTER REDUCTION

EASE OF MAINTENANCE
» ENGINE REMOVAL FREE OF WING INTERFERENCE
* ACCESS TO NACELLE

* MODULAR ENGINE/PROP-FAN/GEAR BOX/ACCESSORY MAINTENANCE

®OIN Trad0

FIGURE 60, ENGINE/PROP-FAN STRUCTURAL MOUNTING CONCEPT ADVANTAGES

It is recommended that a testbed article should be built and flown utilizing
the alternate configuration to obtaln data for the various nacelle lengths and

tilts possible. Consideration should be given to the possibility of changing
the tilt during flight since various stages of a flight mission profile could
impose large excitation factors when the prop—fan is not aligned correctly with
the wing flow field.

123



PROP-FAN CONFIGURATION WEIGHTS

Three testbed prop-fan propulsion system installation concepts are evaluated
utilizing DC~9-10 welghts and geometry {(shown in Table 4) as the baseline
airplane. The three wing-mounted prop-fan propulsion systems considered are
one Allison T701 turboshaft engine, one Allison T56 turboshaft engine, and the
two Allison T701 turboshaft engines shown in Figures 11, 12, and 13,

respectively.

One T70} Prop—~fan Configuration

A group weight summary of the ane englone T701 prop-fan installation, Figure 11,

is presented in Table 5. Description of the component systems follows.

The wing gcometrty and weight is like the DC-9-10 aircraft, except for a minimal
rework which is required for the integration of the prop-fan nacelle to the
wing. The rework includes the installation of four attach points (two fittings
located forward of the front spar and two fittings located aft of the rear
spar). The wing weight includes a weight penalty for the eight local straps,
located on the upper and lower skin panel and at each attach point, which

distribute the prop-fan installation loads into the wing box structure.

The horizontal and vertical stabilizer, fuselage, landing gear design and
weights are identical to the DC-9-10 airplane.

The flight control system welght is identical to the DC~9-10. The inboard
spoller panel and actuation mechanism on both sides of the wing is deactivated.

The weight penalty required cto deactivate the mechanism is negligible.

The turbofan nacelle, pylon, engine, and engine system weight of the hasic

prop—-fan testbed airplane is identical to the DC-9-10 aircraft.
The fuel system weight is increased over the base DC-9-10 weight to reflect the

additional plumbing required to supply fuel from the existing DC-9 fuel system

to the prop-fan engine.
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TABLE 4

WEIGHTS AND GEOMETRY
BASELINE DC~9-10 AIRCRAFT

English Units Metric Units

Maximum Ramp Gross Weight 87,100 1b 39,501 Kg
Maximum Takeoff Gross Weight 86,300 39,138
Maximum Landing Gross Weight 81,700 37,052
Maximum Zero Fuel Gross Welght 71,800 32,562
Operational Empty Welght 50,213% 22,772
Manufacturer's Empty Weight 47,602% 21,588
Trapezoidal Wing Area (Planform Area) 834 ftz 77.5 m2
Theoretical Horizontal Tail Area 276 ft2 35,65 m2
Theoretical Vertical Tail Area 161 ft2 14,96 mz
Total Fuselage Length 1,105 4in 28.07 m
Total Number of Passengers 72

(12) First Class
(60) Tourist

Two (2) Aft Fuselage Side-Mounted JT8D~-7

*k
* Derived from Air Canada DC-9-14 (DTS 3506) and averaged actual MEW of
six aircraft at time of original delivery.

*% Alr Canada Series L4 (Series 10 Standard airplane plus Specification
Change Notices) defined in Detailed Type Specification 3506.
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TABLE D5A

DC-9~10 PROPFAN TESTBED GROUP WEIGHT SUMMARY
ONE WING MOUNTED ALLISON T701 PROPFAN

English Units

Maximum Ramp Gross Weilght
Maximum Takeoff Gross Weight
Maximum Landing Gross Weight
Maximum Zero Fuel Gross Weight

Wing

Horizontal Tail

Vertical Tail

Fuselage

Landing Gear

Flight Controls

Nacelle and Pylon - Bagic Airplane

Engine and Systems - Basic Alrplane

Propfan Propulaion System
Turboshaft Engine
Propeller and Controls
Gearbox and Struts
Engine Systems )
Nacelle, Exhaust, and Mount Structure
Nacelle to Wing Attach

Fuel Systems

Instruments and Warning

Auxiliary Power Units

Hydraulic System

Pneumatic System

Electrical System

Avionics

Furnishings

Alr Conditioning

Ice Protection

Handling Gear

Ballast Lateral

Testbed Manufacturer's Empty Weight

Testbed Operator Items (Table 6)

Testbed Operational Empty Wedght

*
Changed or added weight
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1,152 1b
857
658
321
892

45

87,100 1b
86,300
81,700
71,800

9,290
1,527
1,092
9,336
3,640
1,276
1,418
7,119
3,925%

534%
665
805
418
283
1,275
671
6,825
1,016
472
19

2,030%

53,617 1b

1,020%

54,637 1b



TABLE 5B

DC-9-~10 PROPFAN TESTBED GROUP WEIGHT SUMMARY
ONE WING MOUNTED ALLISON T701 PROPFAN

Metric Units

Maximum Ramp Gross Welght
Maximum Takeoff Gross Weight
Maximum Landing Gross Weight
Maximum Zero Fuel Gross Weight

Wing

Horizontal Tail

Vertical Tail

Fuselage

Landing Gear

Flight Controls

Nacelle and Pylon - Basiec Airplane

Engine and Systems - Basic Airplane

Propfan Propulsion System
Turboshaft Engine
Propeller and Controls
Gearbox and Struts
Engine Systems )
Nacelle, Exhaust, and Mount Structure
Nacelle to Wing Attach

Fuel Systems

Instruments and Warning

Auxiliary Power Units

Hydraulic System

Pneumatic System

Electrical System

Avionics

Furnishings

Air Conditioning

Ice Protection

Handling Gear

Ballast Lateral

Testbed Manufacturer's Empty Welght

Testved Operator Items {Tableb)

Testbed Operational Empty Welght

*
Changed or added weight
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522 Kg
389
298
146
405
20

39,501 Kg
39,138
37,052
32,562

4,204
692
495

4,234

1,650
57
643

3,228

1,780%

242
302
365
190
128
578
304
3,055
461
214

921%

24,316 Kg

463%

24,779 Kg



The prop-fan propulsion system weight includes a T701 turboshaft engine, acl0
blade Hamilton Standard prop-fan and prop-fan controls, a modified T56 gearbox,
engine related systems, nacelle and mounting structure, and nacelle to wing
attach structure. The T70l engine weight 1s based on information dated August
1980 from Detroit Diesel Allison. The prop~fan weight represcnts a 10 blade,
9.5 foot (2.90 m) diameter, 800 feet ner second (244 m/sec) tip speed, Hamilton
Standard prop~fan. The prop-fan weight is bascd on Hamilton Standard's weight
estimate which accounts for non-production processing methods and the use of
current technology. The gearbox is a modified T56 gearbox; the modification
provides compatibility between the T70! engine, prop-fan, and T56 gecarbox. The
gaarbox weight i1s based on information from Allison and includes the gearbox,
shaft, struts, and oil. The prop-fan engine-related systems weight is based on
the P-3A Allison T56-A-10 systems weight which inecludes the lubrication system
(oil tank installation, cooling system, dueting, and plumbing), engine
controls, fire warning and extingulslilng system, and the start system.

The nacelle structure weight is based on a preliminary design layout shown in
Figure 43. The metal fabricated upper nacelle struacture is a seml-wmonocoque
design, constructed from skins, zee stiffeners, intermediate frames, engine and
nacelle mounts and frames, machined bulkheads, shear clips, lower keel beam
members, and attachments. The lower access door panel installation weights
include skins, doublers, frames, latching, and hinges. The welghts for the
upper nacelle structure and lower access doors are estimated from preliminavy
structural member sizing calculations. The engine air inlet installation
weight 1s based on preliminary escimates and includes skins, frames, Intake
duct, lip assembly, seals, and attachments. The engine exhaust tailpipe and
aft falring installatlon welghts are based on statistical data of similar
designs. The weight includes the inmer tailpipe installation, which starts at
the turbilne rear flange and terminates at the exhaust nozzle plane, and the aft
outer falring installations, which begins at the vear spar plane and ends at
the exhaust nozzle plane. The nacelle weight also includes the lower nacelle
to wing fairing and a titanium fircshield located between the wing leading edge
and the vear spar. The nacelle to wing attach structure weight is based on

preliminary estimates and does account for the attach structure and attachments
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requirad to sccure the prop-fan installation to the four attach points located
on the wing. The group welghts for tha Instruments and wavning system,
auxiliary power unit, hydraulic system, elecctrical system, avionles, alr
conditloning system, lce protection system, and handling gear are identical to
the base DC-9-10 wolghts.

»

The furaishings group welght 1s also ildentical to tha base DC-9-10 which
includes seats and passenger accommodutions For twelve (12) Fivst class
passengers and sixty (60) coach passengers., The production DC-2-10 cabin
sidewall pancls and acoustle treatment, shown in Figure 33. are used for the
basaeline testbed waight, The welght penalties associated with the various
acoustic trantmants required for the acoustic test are assumed part of the

payload weight.

The base DC-9-10 pueumatic system woipght Ls increased to veflect additlonal
ducting, valves, and controls necessary to supply bleed ailr to start the
prop=fan engine., The weight penalty for the modification is based on

preliminary estimates.

The lataeral imbalance caused by the single prop-fan i{nstallation on onc side of
the wing 1s corvected by Installing ballast on the opposlte sida of the wing;
thus the testbed airplane lateral flying qualitles are wmade slwilar to the
basic DC-9. Lead weights ara installed in the wing botwaen the frout and roar

spaxr at the most practical outboard spanwlse location,

The operator ftems welght for the testbed airplane is based on the ACA (DYS
3506) DC-9~14 weights and modified to represent weight conslsting of items most
likely to be considered in a testbed program. The modifilcation includes the
removal of two cabin crew members and their ° gguage, food, llquids, commilssary
aquipment, cabin supplies, galley inserts, and twenty gallons of potable wanter.
The rvemainling welght, with the addition of the prop-fan engine oil and unusable
fuel welght 1is shown in Table 6.
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TABLE 6

TESTBED OPERATIONAL ITEMS WEIGHT
ONE ALLISON T701 PROPFAN

Unusable Fuel

Unusable 01l (Base Engine, APU < & CSD)
Toilet Chemicals and Water

Crew Compartment Manuals

Emergency Escape Chuta

Flight Crew - 2 @ 170 1b (77.5 Kg) each
Briefcases

01l (Basic Engine and APU)

Potable Water

0il and Unusable Fuel -~ Turboshaft Engine

Total Testbed Operational Items Weight
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Erglish Units

Metric Units

249 1b
46
45
10
48

340
15
89
85

93

St it

1,020 1b

113 Kg
21

154

40
39

42

462 Kg



The balance diagram,
base DC-9-10 airplane.

of the one engine prop—fan configuration and the two engine prop-fan

ORIGINAL PAGE IS
OF POOR QUALITY,

shown in Figure 61,

represents the loading features of the

The operational empty weight center~of~gravity (c.g.)

configuration are superimposed over the DC-9~10 to show that all of the

prop-fan configuratious are withiu the DC-9-10 c.g. limits. The

test equlpment

(payload) should be placed in the forward section of the passenger cabin to

insure that the airplane c.g. is always forward of the aft balance limit.
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Two 1701 Prop-fan Configuration

A group weight summary of the two engine T701 prop-fan DC-9~10 configuration
(Figure 13) Is shown in Table 7.

The wing weight is similar to the one rngine prop-fan configuration shown in
Table 5, except the rvework weight penalty for the integratlon of the prop-fan
nacelles to the wing is twlce as much as the one engine prop-fan configuration.

The horizontal stabilizer, vertical stabilizer, fuselage, landing gear, f£light
control system, and the basic airplane nacelle, pylon, engine, and engine

system welghts are identical to the one englne prop-fan configuration.

The fuel systom welght is like the one engine prop-fan fuel system weight,

except the prop-fan engine fuel supply plumbing welght penalty is twice as much.

The two engine prop-fan propulsion system consists of two Allison T701 prop-fan
installations (one on each side of the fuselage). The geometry is like the one
englne T701 prop-fan installation with the engine, propeller and countrols,
enging systoms, nacelle, engine mounting structure, and nacelle to wing attach
structure. The total propulsion system weight is twice as heavy as the one
engine prop-fan installation. A weight penalty is added to one modified T30
gearbox to reflect an idler gear and housing installation required for the

opposlte votation prop-fan.

The group weights for the instruments, auxillary power unit, hydraulic system,
electrical system, avioniecs, furnishings group, air conditloning group, ilcc

protection group, and handling geor are ldentlcal to the one engine prop-fan
configuration,

The pnecumatic system weight is like that of the one engine T701 prop-fan

configuration, except the prop-fan engine skart system ducting, valve, and

control weight penalty is twlce as heavy as the one engine prop-fan penalty.
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TABLE 7A

DC~9~10 PROPFAN TESTBED GROUF WELGHT SUMMARY

TWO WING MOUNTED ALLISON T701 PROPFAN

English Units

Maximum Ramp Gross Weight
Maxinmum Takeoff Gross Weilght
Maximum Landing Gross Weight
Maximum Zero Fuel Gross Weight

Wing
Horizontal Tail
Vertlcal Tail
Tuselage
Landing Gear
Flight Controls
Nacelle and Pylon ~ Basic Ailrplane
Engine and Systems - Basic Alrplane
Propfan Propulsion System
Turboshaft Engine
Propeller and Controls
Gearbox and Struts
Engine Systems
Nacelle, Exhaust, and Mount Structure
Nacelle to Wing Attach
Fuel Systems
Instruments and Warning
Auxiliary Power Units
Hydraulic System
Pneumatic System
Electrical System
Avionles
Furnishings
Alr Conditioning
Ice Protection
Handling Gear
Ballast Lateral

Testbed Manufacturer's Empty Weight

Testbed Operator Items (Table 8)

Testbed Operational Empty Weight

*
Changed or added weight

133

2,304 1b
1,714
1,316
642
1,784
90

87,100 1b
86,1300
81,700
71,800

9,290
1,527
1,092
9,336
3,640
1,276
1,418
7,119
7,850%

554%
665
805
418

404%
1,275
671
6,826
1,016
472
19

55,572 1b

1,113%

56,685 1b



TABLE 7B

DC-9-10 PROPFAN TESTBED GROUP WEIGHT SUMMARY

TWO WING MOUNTED ALLISON T701 PROPFAN

Metrie Units

Maximum Ramp Gross Weight
Maximum Takeoff Grosgss Weight
Maximum Landing Gross Weight
Maximum Zero Fuel Gross Weight

Wing

Horizontal Tail

Vertical Tail

Fuselage

Landing Gear

Flight Controls

Nacelle and Pylon ~ tasic Alrplane
Engine and Systems - Basic Airplane
Propfan Propulsion System

Turboshaft Engine 1,045 Kg
Propeller and Controls 777
Gearbox and Struts 397
Engine Systems 291
Nacelle, Exhaust, and Mount Structure 809
Nacelle to Wing Attach 41

Fuel Systems
Instruments and Warning
Auxiliary Power Units
Hydraulic System
Pneumatic System
Electrical System
Avionics

Furnishings

Alr Conditioning

Ice Protection
Handling Gear

Ballast Lateral

Testbed Manufacturer's Empty Weight

Testbed Operator Items (Table 8)

Testbed Operaticnal Empty Weight

*
Changed or added weight

134

39,501 Kg
39,138
37,052
32,562

4,213
693
495

4,234

1,651
579
643

3,229

3,560%

251%
302
365
190
183
578
304
3,096
461
214

25,202 Kg

505 %

25,707 Kg



The operator items weight for the two engine prop-fan configuration is similar

to the one engine prop~fan welght, except additional engine oil and trapped
fuel weight is added to account for the second prop-fan installation as shown
in Table 8.

TABLE 8

TESTBED OPERATIONAL ITEMS WEIGHT
TWO ALLISON T701 PROPFAN

English Units Metric Units

Unusable Fuel 249 1b 113 Kg
Unusable 0il (Base Engine, APU < & CSD) 46 21
Toilet Chemicals and Water 45 20
Crew Compartment Manuals 10 5
Emergency Escape Chute 48 22
Flight Crew - 2 @ 170 1b (77.5 Kg) each 340 154
Briefcases 15 7
0il (Basic Engine and APU) 89 40
Potable Water 85 39
011 and Unusable Fuel -~ Turboshaft Engine 186 B9
Total Testhed Operational Items Weight 1,113 1b 505 Kg
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One T56 Prop-fan Configuration

A proup welght summary of the one engine T356 prop-fan DC-9-10 configuration
(Figure 12) 1s shown in Table 9.

The airplane configuration and group welghts are ldentical to the one engine
T701 prop-fan airplane, except for the prop-fan propulsion system, lateral

ballast, and operator items weights.

The prop-fan propulsion system weight includes a T56 turboshaft engine, a 10
blade Hamilton Standard prop-fan and prop-fan controls, a modified T56 gearbox,
engine related systems, nacelle and mounting structure, and nacelle to wing
attach structure., The T56 engine and gearbox welghts are quoted from the
Allison T56-A-15 engine installation drawing No. 6829700. The gearbox
modification includes a change in gear ratio to provide the proper engine and
prop-fan RPM combination, The gearbox welght includes the gearbox, struts,
shaft, and oil and alse accounts for the weight penalty for the gearbox
modification which is asscssed as being negligible. The prop-fan veprescnts a
10 blade, 8.1 foot (2.47 m) diameter, 800 feet per second (244 m/sec) tip speed
Hamilton Standard prop-fan. The prop-fan weight is based on Hamilton
Standard's weight informatiotl which accounts for non-production processing

methods and the use of current technology.

The prop-fan cngiﬁe related systems weipght 1s ldentical to a single P-3A engine
systems weight, except the P-3A water injection system weight is removed. The
engine systems weight also includes the fire warning and extinguishing system
welght,

The nacelle structure weight is based on a preliminary design layout shown in
Figure 44. The design, construction, and welight estimating methods of the
upper nacelle structure, lower access doors, engine air inlet, engine exhaust
tailpipe and aft fairing, firesheilds, and attach structure and attachments are
similar to the one engine T701 prop-fan installation.
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TABLE 9A

DC~9~10 PROPFAN TESTBED GROUP WEIGHT SUMMARY
ONE WING MOUNTED ALLISON T56 PROPFAN

English Units

Maximum Ramp Gross Weight
Maximum Takeoff Gross Welght
Maximum Landing Gross Weight
Maximum Zero Fuel Gross Weight

Wing
Horizontal Tadil
Vertical Tail
Fuselage
Landing Gear
Flight Controls
Nacelle and Pylon - Basic Airplane
Engine and Systems - Basic Alrplane
Propfan Propulsion System
Turboshaft Engine
Propeller and Controls
Gearbox and Struts
Engine Systems
Nacelle, Exhaust, and Mount Structure
Nacelle to Wing Attach
Fuel Systems
Instruments and Warning
Auxiliary Power Units
Bydraulic System
Prieumatic System
Electrical System
Avionics
Furnishings
Air Conditioning
Ice Protection
Handling Gear
Ballast Lateral

Testbed Manufacturer's Empty Welght

Testbed Operator Items (Table 10)

Testbed Operational Empty Weight

*
Changed or added weight
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87,100 1b
86,300
81,700
71,800

9,270
1,527
1,092
9,336
3,640
1,276
1,418
7,119
3,504%

534%
665
805
418

283%
1,275
671
6,826
1,016
472
19

1,825%

52,991 1b

1,024%

54,015 1b



TABLE 9B

DU-9-1G PROPFAN TESTBED GROUP WEIGHT SUMMARY

ONE WING MOUNTED ALLISON T56 PROPFAN

Metrile Units

Maximum Ramp Gross Weight
Maximum Takeoff Gross Weight
Maximum Landing Gross Welght
Maximum Zero Fuel Gross Weilght

Wing

Horizontal Tail

Vertical Tail

Fusclage

Landing Gear

Flight Controls

Nacelle and Pylon ~ Basic Airplane
Engine and Systems - Basic Airplane
Propfan Propulsion System

Turboshaft Engine 548 Kg
Propeller and Controls 281
Gearbox and Struts 278
Engine Systems 117
Nacelle, Exhaust, and Mount Structure 346
Nacelle to Wing Attach 20

Fuel Systems
Instruments and Warning
Auxiliary Power Units
Hydraulic System
Pneumatic System
Electrical System
Avionics

Furnishings

Air Conditioning

Ice Protection
Handling Gear

Ballast Lateral

Testbod Manufacturer's Empty Wedght

Testbed Operator Items (Table 10)

Testbed Operational Empty Weight

*
Changed or added weight
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39,501 Kg
39,138
37,052
32,562

4,204
693
495

4,234

1,651
379
643

3,229

1,589%

24 2%
302
365
190

128+
578
304
3,096
461
214
9

828*

24,032 Kg

464%

24,496 Kg



The lateral imbalance on this aircraft is similar to the one engine T701
prop-fan configuration. The lighter T56 prop-fan propulsion system weight
requlires approximately 10 percent less ballast weight than the T701

configuration to correct the lateral imbalance condition.

The operator items weight, Table 10, is similar to the one engine T701
configuration, except the T56 engine oil welght is slightly heavier.

TABLE 10

TESTBED OPERATIONAL ITEMS WELGHT
ON¥ ALLISON T56 PROPFAN

Enplish Units Metric Units

Unusable Fuel 249 1b 113 Kg
Unusable 0il (Base Engine, APU < & CSD) 46 2
Toilet Chemicals and Water 45 20
Crew Compartment Manuals 10 5
Emergency Escape Chiite 48 22
Flight Crew ~ 2 2 170 1b (77.5 Kg) each 3490 154
Briefcases 15 7
0il (Basic Engine and APU) 59 40
Potable Water 85 39
01l and Unusable Fuel - Turboshaft Engine 97 44
Total Testbed Operational Items Weight 1,024 1b 465 Kg
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ORIGINAL PAGE IS
Weight Comparison Summary OF POOR QUALITY

Side-by~side comparisons of the group welght summaries for the one and two
prop-fan installations using the T701 and the T56 turboshaft engines are
presented in Figure 62. As noted througlhout the foregoing discussion, the T701
engine and a 9.5 foot ¢2.90 m) prop-fan are compatible. The T56 engine is
capable of swinging an 8.1 foot (2.47 m) prop-fan.
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FIGURE 62, DC-9-10 PROP-FAN TEST-BED GROUP WEIGHT SUMMARY
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TASK VI

TESTBED TEST PRCOGRAM PLAN

As described in the Introduction, the emphasis of the contract work relative to
the prop-fan propulsion system(s) changed as the study progressed.
Consequently, both the one prop-fan nacelle and the two prop-fan nacelle
configurations are considered throughout the study. Initially, the one
prop—fan nacelle configuration was submitted in deference to a lower cost
program. However, the two prop-fan nacelle arrangement permits the acquisition
of additional acoustic data and thus a more complete evaluation of the prop-fan
testbed. The flight test evaluation and data to be chtained differ somewhat
between the two configurations. Since the two prop-fan nacelle configuration
is the one of most interest to NASA, the testbsd program discussed in this Task
VI considers the two nacelle prop-fan testbed first, with the differences for
the one nacelle prop-fan arrangement described secondly. The two prop-fan
testbed does permit t.ue
o acquisition of realistic internal aircraft acoustic and vibration
data,
well as vibration data;
o evaluation of effectiveness of opposite prop~fan reotation on
the aerodynamic interferences, performance, and acountilics, and

0 evaluation of synchrophasing in the testbed program.

The initial goals of this prop-fan testbed flight test program to be performed
by Douglas Alrcraft Company are to open the flight envelope and to prove the
airworthiness of the testbed vehicle. It 1s this portion of the f£light test
program that is described harein. Continuation of the prop-fan flight test
program, utilizing the fully instrumented DC-9-10 flight testbed, entalls the
prop-fan structural integrity, overall performance, and acoustic testing.
Whether these latter phases of the flight test program will be perfomed by
Douglas or by NASA Dryden will be resolved as the total testbed program
evolves. Douglas has the facilities and capability of doing the complete
flight test program; however, the relative cost—effectivness of completing the
flight testing at Douglas or at Dryden needs to be taken into account. It is
to be noted that the data acquisition and recording system to be used by
Douglas is compatible with that at Dryden Data Center, Edwards AFB.
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DATA MONTTORING, PROCESSING FACILITIES AND SYSTEMS

Facilitices

Douglas Aircraft Company maintains flight test facilities at the Long Beach
Municipal Airport, Long Beach, California, and at Yuma Internatlioenal Airport,
Yuma, Arizona. The initial ground testing of the complete aircraft and systems
prior to first flight will be accomplished at Long Beach. The first flight of
the alrcraft with the prop-fan engine installed will terminate at Yuma. The
aireraft will be based at the Yuma test site for all of the prop-fan tests up
through completion of structural alrworthiness, then NASA may continue testing

at Dryden Flight Research Center.
Appendix III includes brief excerpts from the Douglas Engineering Research
Technical Facllity Description Handbook which describes pertinent component

facilities associated with the Advanced Prop-fan Test Program.

Performance Data Systeoms

The Douglas Teledyne Remote Multiplexer Data Units (RMDU) Data System will be
used for the flight test program. The system consists of an airborne data
system, telemetry microwave link and a ground data center. This affords
excellent real time coverage for almost all test areas in Southern California,
Nevada, Arizona, and Northern Baja. The data system is designed to provide
real~time monitoring in engineering units in the air, reduction of a large
numbar of parameters simultaneously on the ground, and reduction of the
remalning data within hours of each flight. This system is compatible with the
Dryden Data Center at Edwards AFB.

The airborne tape recorder Interrange Instrumentation Group~B (IRIG-B) records
time and the serial Pulse Code Modulaclon (PCM) data simultaneously with signal
transmission to the Ground Data Center at lLong Beach. Data is recorded at five
selectable sample rates from 12,500 bits per seccoad to 500,000 bits per second
with a packing density of 8,334 bits per inch. The recorder has direct and FM
capabillty with capacity of 14 tracks on 1 inch tape with 12-1/2 inch reel.
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Tape speed 18 changed at the time the bit rate is selected so that the packing
density 1s maintalned constant. The ailrvcraft is equipped with a telemetry
transmitter for transmitting all PCM data to the ground station for real-time

processing.

The PFlight Control and Ground Data Center at Long Beach serves as both o data
reduction center and flight control monitor station. It provides the equipment
and environment to allow flight data processing and monitoring, both in
graphlcal and tabular forms. The data is available in real-time through
telemetry ov from flight vecorded tape in engincering unlts on Cathode Ray Tube

(CRT) displays, hard copy, microfilm, line printer or magnetic tape (which cun
be formattad to be sultable for other equipment). Strip charts are avallable

for sclected monitoring and provide redundancy independent of the computer.

The ground datn system {ncludes Ffive indepondent CRT's, a large random access
disc file used for temporary raw data storage, and two computer modules which
permit post-flight analysils on twe separate flights (or a combioution of
post~flight analysis in conjunction with real-time £light monitoring).
Calibrations for all chawnels for ewary flight of the test alvernft are stored
on the Rapic Access Disc (RAD). The Data Center also includes a complote
communications system, operating through the microwave relay station, that
permits dirvect alrcraft communications for the Test Director and/or the
individual CRT users.

Experience has shown that high priority dats can be processed in 24 hours with
routine data following within a few days. When telemetry data coverage 1s
provided, the most significant data are returned to the test site within hours.
Duplicate engincering unit computer tapes can be provided within one to three

days following a flight.

Transmittal of flight tapes from Yuma to Long Beach is accomplished by courier
or shuttle aircraft and processed data returned via same or telephone facimlle
equipment. Data may also be transmitted via the Yuma Microwave System to the

Long Beach Data Center for lmmodiate procassing.
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Acoustics and Vibration Faedlity and Systeows

Acoustics and vibration data processing will be conducted using the faecilitlaos
of the Acoustles and Vibration Data Conter at Long Beach o The Data Center is
equipped with a number of multiple-channel and single-channel wmagnatic tape
systems and a vavioty of dotn processing systems. Data systems include: (1)
Computer-controlled nudio fllter system with 1/3-octave-band parallel outputs
onto digital tape for subsequent large-scale computer processing; (2)
pavrow-band spectrum analyzers with variable averaging; (3) computer-conttrolled
processing system for panired=signal analysis in both time and frequency dowains
using Fourler Transform wetnods with graphical and tabular output capabilities;
and (4) statistlical processors with probability amd correction output modes.
In addition, multi-channel strip chart recorders and necessary pevrinheral
cquipment such as Ltime code, sipnal conditioning and audio output subsystoms

are iuncovporated.

TWO NACELLE PROP-FAN CONFIGURATION

This preliminary Fflight test plan assumes a DC-9-10 ns a flying testhed
utilf{zing two Allison T701-AD-700 cngines with modified T36 geoarboxes and
Hamilton Standard 9.5 faot (2.90 m) diameter prop-fans (Figure 13, Task III).

The primary objectives of thls flight test program ave as follows:

o definition of wing, fan blade, gearbox, nacelle, engine mount,

prop-=fan hub stress and loads data;

0 measurcwent of nolse data lnslde and outside the fuselage;

0 moeasurement of pirframe and engine envirommental vibration;

0 obtain engine mount and fusclage acoustle stress data;

o Jovestigation of th  prop-fan, nacelle and swept wing acrodynamic
integracion;

0 determination of the net installed thrust-minus—drap (cruisc
performance) of the wing-mounted propulsion systom;

0 onglne performance measurcmer.

o measurcenent of acoustic far-ficld ongline noilse (ground only).
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The operation of the prop-fan propulsion system on the DC-9-10 testbed aircraft
will be restricted to the f£light envelope presented in Figure 63. The low
speed/low altitude limits may vary somewhat from that shown in Figure 15,

depending on the results of stability and control subscale wind tunnel tests.

OPERATION OF THE PROPFAN PROPULSION SYSTEM
RESTRICTED TO THE FLIGHT ENVELOPE PRESENTED
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FIGURE 63. DC-9-10 TESTBED AIRCRAFT OPERATING ENVELOPE

Tests will be conducted with both prop-fans rotating in the same direction and
with the direction of rotation reversesd on one engine so that both prop-fans
rotate up and inboard to the fuselag». Synchrophase testing will also be

included in the testing.

Throughout the flight testing, the airspeeds will be such that a comservative
margin of safety will be provided; no testing such as minimum unstick speed

(Vpu), ground minimum control speed (Vp ¢.g.), and air minimum control speed

(Vmca)' will be done.
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TESTING
Initinl Ground Tests

Prior Lo any flight testing, the engine, the prop-fan, the engine/prop-fan
gearbox, and the complete engine prop-fan package including the gearbox and
engine prop—fan controls will be checked out on ground test stands. These
ground tests are performed as component testing with the propulsion system

separate from the alreraft,

The initial testing of the large scale prop-fan and the T701~AD-700 engine with
modified T56 gearbox will be performed independently but probably concurrently
by the respective manufacturers. Uamilton Standard and Allison will establish
the manufacturers' performance data. During this testing, unlibration of
flightworthy blade pitch position instrumentation will be obtained. Strain
gages will be ipstalled on the prop-fan and a slip ring system will be used to

collect blade strain gage data.

Prop-fan structural integrity will be investigated during static vator tests,
static propulsion system tests, and wind tunnel tests of the propulsion system.
Compatibility of the T70] engine and modified T56 goarbox will be verified
during companent and drive system tests., In the same manner as the components
of the propulsion system arc bullt up and tested, the compatibility of the
overall propulsion system will be demonstrated. The individual systems
reliabilicy will be established. Flightworthy instrumentation requirved during
this ground testing phase is listed below:

o strain gages on prop-fan blades;

o prop-fan shaft terque and thrust

0 negative torque sensor light and test switch
o auto prop~fan feather arming light

o prop~fan feather light

0 temperatures for engine and gearbox oil inlet and discharge;
0 pressure for engine and gearbox oil;
0 exhaust gas temperature and pressure;

) high and low spool RPM;

0 fuel flaow rate

o engine vibration accelerometers

0 pitch control hydraulic oil temperature and pressure
4] gearbox and pitch lube chip detector.
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The first integration of the larpge scale components into a complete system with
all instrumentation installed will be performed on an engine test stand at
Hamilton Standard, Allison, or the Douglas QIAETsite facility at Quartzsite,
Arizona. Photographs of these three facilities are shown In Figures 64, 65 and
66. Selection of the specific facility or facilities for this integration test
work will be made during the final formulation and scheduling of the required

ground tests.

Testing will be performed to determine the compatibility of the prop-£fan
systems throughout the entire prop-fan power spectrum. Evaluation and
qualifiction of subsystems such as the modified engine control system, gearbox,
prop-fan control system, and prop-fan will be made. The engine and gearbox oill
systems, the prop-fan pltch control system, the engine mount and related
structural hardware will be included. All engine safecty systems will be

checked.

Dynamie prop-fan blade loads will be mecasured for evaluating the fatigue life
of the blandes and to ensure that the blade design mects the structural
requirements for extensive testing. Dynamic pressuve and strain gage data will
be acquired on magnetic tape for stabilized operation at several representative
combinations of blade plteh angle and prop-fan speed to define the basie
gsustained loads. In addition, prop-fan speed scans at varvious blade pilteh
angles will be conducted from idle to maximum power (including overspeed) to

roveal any transient load problems.

Combined prop-fan and exhaust nozzle thrust will be determined for the two
prime and one spare prop-fan engines at various combinations of prop-fan piteh
specds. The T701 exhnust nozzle thrust will be analytically determined using

inputs from internal nozzle instrumentation.

A pressure rake will be installed immediately bohind the left prop-fan rotor to

determine performance levels at vavious blade piteh angles and REM settings.
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BLACK AND WHITE PHOTOGRAPH

FIGURE 64, HAMILTON STANDARD PROPELLER TEST FACILITY « WINDEOR LOCKS, CONNECTHIUTY
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FHGURE 66, DETHOIT DU SEL AL LISON BRGINE TERY FACILITY « INDHANAPOLIG, INDIANA
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The peak prop-fan loading and overspeed performance will be monitored and the
datn will be compared to that obtained in the initial ground tests.

Prior to the prop-fan/engine beilng installed on the aircraft, minimum duty
cycle will be performed to establish rellability of the overall system.

Engine vibration will be monitored and compared to the engine manufactuer's
limits., Vibration measurements will be made on t're gearbox and at the
manufacturer's standard Enginc Vibration Monitoring locations at stable power

settings during such tests as thrust detemination and duty cycle evaluation.

A more detailed discussion of the acoustic measurements and data desired is
presented in the Acoustics section of Task IV, Brief description is included
here of the acoustic data to be obtained during the ground testing phase of the
flight program. To define the directivity and amplitudes of acoustic pressures
imposed on the fuselage, vercical and horizontal arrays of micraphones in the
acoustic near fileld (within 10 feet [3.05 m] of the prop plana) will be used to
make measurements that are free of the effectys of the airplane. This will
allow the subsequent measurements in the pressnce of the airplane and the
ground surface to be adjusted to other airplane geometries., The engine
conditions to be tested will be the same as those for prop-fan load testing as
described above. Measurements will be made over a rauge of approach and
takeoff power setting (about 12 stable englne conditions). It is hypothesized
that both the near-fleld acoustic pressures and the far-field noilse will be
adversely affected by reingestion of eddies produced by the prop-fan. More
detalled discussion of the acoustic test progrém is included in Task IV -

Acoustics.
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Airplane Modification

The DC~9 Series 10 airplane, with the instrumented JT8D-7 engines used for the
baseline tests, will be modiflied to allow the installation of the two
calibrated T701-AD-700 engines on the wing, the prop-fan controls, and
associated data acquisition instrumentation. Flight safety features such as

an escape chute will also be installed as part of this aircraft modification
phase., Both cabin sidewalls will be strengthened in the prop-fan plane to
ensure structural integrity for the test program. As the testing proceeds,
this baseline acoustic treatment will then be replaced with at least one other
treatment material in an effort to determine an “"optimum" acoustic

configuration.

Complete Aircraft Ground Tests

Prior to first flight, ground testing will be accomplished te verify that
structural design requirements have been satisfied. Checkout of prop-fan/
engine and prop~fan/control systems will be accomplished plus determination of

static acoustic and structural loads. The following additional tests will be

performed:

0 wing and engine mount structural integrity proof test;
structural integrity;

o complete ground vibration testing to establish the aircraft
modal characteristies;

0 engine runs to ensure that all prop-fan controls and instrumentation
is properly integrated with on~board aircraft controls. (The
critical prop-fan dynamie and static load straln gages will be
monitored during this test phase to define safety limits.)

o Prop—fan wake measurements to assess the possible effects on wing

surfaces and JT8D engine inlet

Discussion of acoustic results from the aircraft ground testing is included in
Task IV.
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Low and high speed taxi runs will be performed inltially, without the prop-fan
engines operating, to assess the alreraft’'s handling characteristics and to
ensure that all instvumentation is functioning correctly. Engine mount and

wing oscillatory loads are to be monitored.

High-speed taxld runs will then be conducted to determine the effects of
prop-fan-induced eddies on aircraft acoustic characteristics. Pass-by nolse
will be recorded with ground level microphones located in arrays both
perpendicular and parallel to the ruaway. This will enhance the development of
testing and/or analysis techniques to estimate flyover noise based on static

nolse., Due to prop-fan engine power limitations, only one or two pltch angles
will likely be tested during the high-speed taxi tests.

Flight Tests

The flight testing program is divided into three phases:

Phase 1  DC-9-10 bascline testing ineluding JT8D-7 engine calibration and
wing pressure surveys; aircraft will be operated out of the Long
Beach facility.

Phase 2 DC-9-10 prop-fan testbed aircraft demonstration and minimum
tests required to prove airworthiness, structural integrity,
performance and acoustile characteristics of the prop-fan
propulsion system. Tests to be performed during this Phase 2
are discussed in subsequent paragraphs. Unless otherwise

stated, the testbed aircraft will be based at Yuma, Arizona.
Phase 3 Accomplish any additional NASA required testing such as

evaluation of an alternate fuselage structure} this is undefined

at this stage and will not be discussed further.
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Stability and Control

The aircraft will be instrumented to provide control surface positions and
forces, aircraft attitude, center of gravity, and normal, lateral and
longitudinal accelerations. These tests will be performed with both prop-fan
engines fnrthest forward on each wing (Figure 67) as this represents the worst
case condition. These tests are to be performed to establish satsifactory
handling characteristics; and the tests must be performed before the objectives

can be safely investigated.
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FiGURE 67. EFFECT OF PROP-FAN LOCATION RELATIVE TQ WING
Directional Stability and Rudder Effectiveness - Directional stability will

be assessed for takeoff and landing ccuiigurations with both JT8D engines
operailng and then with one engine at idle and the prop-fan feathered. Further
assessment will be made in the cruise configuration at various power settings

with both prop~fans rotating in the same direction and with both rotating up

and inboard to the fuselage.
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Lateral Control and Alleron Effectiveness - Lateral control during rolling

mancuvers will be assessed in takeoff and landing configurations with both JT8D
engines operating and then with one engine at idle and the prop-fan feathered.
Further assessment will be made in the cruise configuration at various power
settings with bLoth prop-fans rotating in the same direction and with both
rotating up and inboard to the fuselage.

Static Longitudinal Stability - Static longitudinal stability will be

assessed In takeoff, landing and cruise configurations with the prop-fans

feathered, A limited assessment will be made for the cruise operation with

both prop-fans operating.

Dynamic Longitudinal Stability -~ Dynamic longltudinal stability will be

aszassed in takeoff, landing and crulse configurations with the prop-fans

feathered. A limited assessment will be made In the crulse configuration with

the prop-fans operating.

Dynamic Lateral-Directional Stability (Dutch Roll Mode) - Dynamic
lateral~directional stability will be evaluated in both cruise and landing

configurations with the prop-fans feathered, and in the cruise configuration
only with the prop~fans operating at various power settings. Checks will be
made with both prop~fzns rotating in the same direction and with both rotating
up and inboard to the fuselage. Dutch roll oscillations will be produced using
pilot inputs, and the damping will be recorded after the controls have baen

released.

Approach to Stall - The aircraft handling qualities down to a speed of 1.3

vg will be assessed with the prop-fan engine off and with prop~fan featherea in

the landing, takeoff, and cruise configurations.

Structural and Aerodynamic Damping

Flutter characteristics will be investigated at 24,000 feet and 30,000 feet
(7,315 and 9,144 m) with the prop-fan engines operating, and at 24,000 faet
(7,315 m) with the prop-fan engines off and prop~fans feathered. The case of
fuel in one wing and the prop-fan engines in the forward position will be
tested. The whirl mod2 flutter characteristics will be assessed during this

testing.
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Exclration of the eritteal {lutter mode will be provided by pllot inputs to the
aiveraft control surtaces.  Borh control surface pulses and vaelllatione will
be dnput dnto the alrervaft. As 1llustrated in Figure 68, approximately sixteen
acces rometers (located on the wing, prop-fan engine, vertical and horizontal
stabilizer and fuselage) a number of straln pages (located on the hub support
avrdeture and wing) wnd ten surface positions will Be used to monlior these

(%] 1

ALl flutter flights will be monitored on the ground vis real time telemetry and

will be wbsorved from g safety chase alrplane,

24000 AND 30,000 FT {7315 m TO 3144 m) -~ PROP.FAN OPERATING
. ZADO0 FT (7315 m) — PROP.FAN FEATHERED
4 TESTS OUT TOM =084 - (AIRCRAFT NOT
7] NORMALLY OPERATED ABOVE M = 0.80)
/1 A MARGIN OF SAFETY WILL EXIST

P POGITION TRARSDFERE

STHAIN GRGES ING M0 DN HUE
BUPPORT STRUCTURE AND WING

BEARN 2105

FIGURE 68, STRUCTURALAND AL RODYNANIC DAMPING
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Loads Monitoring

Duerdng the envelope expansion, the prop-=fan assessment, and the takeoff and
landing tests, critical load parameters will be monitored to assess the static
and osclllatory load environment. Components ineluded in the monitoring are
horizontal and vertical stabllizer, wing and pylon, engine mounts, prop-fan

blades, and the prop-fan mgine.

The cffect of variation in prop-fan engine tilt and loecation relative to the
wing on the prop-fan blade stress will be assessed. The prop-fan engine tilt
can be varied from 0 degrees to 3 degreces (0 to .,052 radians), and threoe aengine
locations aft relative to the wing are possible. The method of achleving this

variation is presented in Figure 59 and a description is glven in Task V.

Loads measurcments will be made at several englne power settdngs and prop-fan
blade piteh angles. Maneuvers to 80 percent aircraft . =1 te' capabllity
will be performed at a TBD engine configuration with and v . (. the prop-fan
engines operating. A high spced motion camera will be positioned to Film the
prop-fan. Loads will be reccorded during all phases of testing. Specific tests
will be performed at the speeds and altitudes indicated in Figure 69.
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FIGURE 69. PROPOSED LOADS TEST POINTS
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Propulsion

Throughout the prop=fan engine testing, crltieal pavametors will be wonttoved.
An antd~iclng system for the {nlet or prop-fan is not provided, aund so tho
prop=fan will not be operated in leding conditions. ALl safety critical £lights
will be monltored on tolemetry aund observed from a chase alveraft. Tho initial
start of one and then bhath prop=foan ongines will also be cobserved from a chaseo
aleeraft.  The gas generator will be Initially stavted at low Mach number and
altitude with featheved prop-fans and windmilling englues. The prop=Ffan will
then be aceelerated Crom feather to test RPM with piteh schedule for zevo
thrust, Prop-fan piteh angle will then be increased.  The inltial engine
operating cuvelope expansion will be performed with the englne at one location

velative to the wing and one pitehl attltude,

Variatlons of onglne locatlon and plteh attitude ave discussed in a subsequent

paragraph under Loads Monltoring.

Alvstart Envelope = An accoptable alvstart onvelope for Lhe prop=fan
operation, withiln approximate 15,000 feet to 30,000 feot (4,572 vto 9,144 w),
will be doflned. As montioned previously, this lower Ylimit fovr the safe

eperation of the prop~fan systom L{s depondent on results of subscale wind

tunnel stab{lity and coutrol tosts.

Engine Charactoeristices =~ Tosts will be performed throughout the alrevaft

operating envelope., Demonstratier that the prop-fan feathevs corvectly will be
included.  The check out of the eugine and gearbex oll systems, the prop=fan
piteh control system, the ongine mount and velated s.ructural loading will be

fneluded.  The engine safoty systems and instrvumentation will also be checked.

The effect of the prop-fan propulsion gystem on DC-9 avrodynamics, structural
loading, and acoustics charactoristics will be assessed. The operation of the
NC-9-10 tostbed on the two prop=fan engines only requires that the alrcvaft

flys at a veduced speed and weight.
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Prop-fan Overspeed -~ Prop-fan overspeed tests will be conducted at various
altitudes and airspeeds.

Prop-fan Performance - A pressure rake located just behind the left prop-fan

engine rotor will provide a pressure survey to define the local flow field
ahead of the engine inlet and to determine prop-fan efficiency (sece Figure 29).
Data will be taken at various biade pitch angles and RPM settings. Tests will
alsc¢ be conducted to assess the impact of nacelle location, engine pltch
attitude (variations described in the Loads Monitoring paragraph), and

prop-fans rotating conventlonally or in opposite directions.

Acoustle and Vibration

The desired acoustic testing, both ground and flight, for the testbed is
discussed in detail in Task IV. Reference to this discussion on the relative
value of subscale tunnel testing, ground testing, and large scale flight
testing, as well as required instrumentation and location of data recording

equipment, is apropos for this acoustic flight test program.
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Cruise Performance/Wing and Nacelle Pressure Survey

If the testbed flight testing is turned over to NASA Dryden upon the completion
of the Douglas flight testing, which encompasses the basic component testing
and proof of airworthiness, then NASA Dryden would perform the prop-fan
alreraft cruise performance, including the wing and nacelle pressure data,
installed prop-fan characteristics, and further acoustic data. If the prop-fan
testbed 1s not turned over to Dryden at this point, Douglas will continue with
the f£light testing.

Cruise performance will be determined at two W/ 5's (welght/atmospheric
pressure ratios) at the selected Mach/altitude operating points noted in Figure
70.

TWO WEIGHT/ATMOSPHERE PRESSURE RATIOS  ONE ENGINE POSITION
SEVERAL POWER SETTINGS PROP-FAN REMOVED
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FIGURE 70. CRUISE PERFORMANCE /WING AND NACELLE PRESSURE SURVEY
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The flight tests will be performed with both prop-fans operating and with the
prop-fans removed. From these tests, the net installed thrust-minus-drag of
the prop-fan propulsion system will be obtained using the calibrated JT8D
engines and the previously described DC~% baseline flight test data.

Testing with both prop-fans operating include:

] varying power settings;
optimum nacelie tilt and location relative to the wing
{as previously defined by £light test);

o prop-fans rotating conventionally (in the same direction)
and with opposite ratation so both prop-fans rotate up and
inboard to the '« 2lage.

T701 nozzle thrust will be removed analytically using nozzle exhaust pressure
and temperature data., Prop-fan thrust and efficiency will be obtained using

calibrated thrust straln gage and shaft balance data.

To isolate the effects of power from the effects of the nacelle and to obtain
reference pressure data on the nacelle for buoyancy corrections, the prop-fans
will be removed and the same flight test points flown. For this case the inlet

and nozzle will be faired ove. to remove momentum losses.

Wing and nacelle pressure data will be obtained during cruise performance
testing; these data will provide the diagnostic information ‘o interpret the

force results. Necessary pressure survey instrumentation locations on the
alreraft are illustrated in Figure 29.

Preliminary 7 - Schedule

Figure 71 presents an estimated schedule of the flight test effort which
involves the opening of the DC-9-10 prop-fan flight envelope and airworthiness

testing. Further flight testing which may be done at either Jryden or at
Douglas is not included in this figure.
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BASELINE FLIGHT TESY b

MODIFY AIRCRAFY AND INSTALL PROP-FAN

GROUND YEST L 1

PROOF TEST

GROUND VIBRATION TEST
ENGINE RUNS

TAX) TRIALS

FLIGHT TEST L

STABILITY AND CONTROLS

STRUCTURAL AND AERODYNAMIC DAMPING
POWERPLANT

PROPELLER PERFORMANCE
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FIGURE 71. PRELIMINARY FLIGHT TEST SCHEDULE

ONE NACELLE PROP—FAN CONFIGURATION

The foregolng discussion of the flight testing has assumed a two nacell
prop~fan configuration. As per the contract Statement of Work, the one
nacelle prop~fan configuration is also considered. The flight testing
procedures for the two configurations are the same with the exceptions

noted below which are not compatible with the one prop-fan configuration:

o effects due to opposite prop-fan rotation;
o synchronization;
0 proper evaluation of representative acoustic loads, interior

noise, and vibration.

The acoustic and vibration data obtained from the one nacelle prop-fan
configuration requires considerable adjustment to remove the asymmetric
effects so that these acoustic results may be properly projected to a

realistic prep-fan DC-9-10 configuration.
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TASK VII
LARGE SCALE WIND TUNNEL PROGRAM PLAN

COMPATIBILITY OF LARGE SCALE FLIGHT HARDWARE AND WIND TUNNEL TEST MODEL

As part of the overall program development, the possibility of using the flight
hardware in a wind tunnel test to satisfy program objectives is investigated.
The prop-fan/engine/nacelle/wing integration system, described in Task V, to be
installed on the testbed aircraft does lend itself particularly well as a large
scale wind tunnel model. As can be geen in Figure 72, the nacelle parting line
from the flight testbed installation 1s behind the engine installation and

ahead of the wing front spar.

LALLISON T701 ENGINE
HAMILTON STANDARD

-1 — 95.FT {2.9 m) DIAMETER
PROP.FAN, TEN-BLADE

NACELLE PARTING
LINE FROM
FLIGHT TESTBED
INSTALLATION

B —

¢ [ NO INTERFERENCE
WITH WING STRUCTURE

.

BAGEN 27414 A

FIGURE 72. COMPATIBILITY OF PROP-FAN/ENGINE/NACELLE FLIGHT TEST INSTALLATION WITH
WIND TUNNEL TEST MODEL

Such an arrangement permits the testbed installation of the prop-fan/engine/
nacelle/inlet to be utilized as the large scale wind tunnel test model. The
problems of availability of adequate sized wind tunnel facilities for the total
large scale tests or the strength requirements sultable for a wind tunnel model

are discussed in the subsequent paragraphs.
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These facilities and hardware are different from the Aerodynamics development
plan described in Task IV where subscale models are used to establish flight
safety boundaries and efficient wing/nacelle external contours. Throughout
discussions In this Task VII, the term "large scale” refers to the prop-fan
diameter of 8 foot (2.44 m) or greater. For the program considered here, it is
required that the same prop-fan and fuel burning engine hardware used in flight
be tested in the tunnel. Static, low speed, and high speed conditions are
considered. At high speed conditions, 1t Is necessary to s.aulate flight
conditions at M, = 0.8 and 30,000 feet (9,144 m). The objectives of the tests
are to evaluate the pror -.an blade loads, thrust minus drag, surface pressures
and inlet characteristics.

LARGE SCALE WIND TUNNEL CHARACTERISTICS

A survey 1s made of available wind tunnels; and those facilities that may be

useful to fulfill these requirements are:

Ames 40 x 80 (low speed only)
AEDGC 16 foot

Lewls Altitude Facility
ONERA S1 8 meter

A summary of the charactevistics of these four wind tunnels is given in Figure
73. The wind tunnel capabilities and limitations are presented in Figure 74.
A proposed installation for each facility, together with a more detailed
description of the capabilities, limitations, and tunnel interference effects,
is presented in Appendix I. The tunnel interference effects are evaluated by
calculating the solid blockage and comparing it to accepted testing practice
and by calculating the incremental solid wall tunnel velocity errors produced
by the prop-fan. The latter rorrection is based on the work of Glauert
(Reference 5) using the ratio of the prop-fan to tunnel cruss-sectional area

and the ratlo of the prop-fan thrust to tunnel dynamic pressure.
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165



Wind Tunnel Model Strength Requirements

As a matter of safety precaution for protection of wind tunnel facilities,
equipment, and associated personnel, strength requirements of the models to be
tested in wind tunnel facllities are imposed. Generally, all hardware tested
in wind tunnels must meet one of the following strength criteria:

o Analytically demonstrate that predicted loads of any structural
component do not exceed -
- one-fifth the ultimate tensile strength, or

- one-third the yield strength.

o Static proof test critical model components to three times the maximum

predicted load.

o Static proof test critical model components to two times the maximun
preclcted load if the aerodynamic load is directly or continuocusly

monl.tored.

Plots of deflection as a function of load for a complete loading cycle shali

show no permanent set.

When considering the use of flight hardware as a wind tunnel test model, the
structural integrity of the test item must meet with the tunnel specifications
for strength requiremeats. 1In general, these requirements are greater than
that necessary to satisfy the structural integrity of the flight hardware

component.,

LOW SPEED WIND TUNNEL TESTBED INSTALLATION

The largest wind tunnel that will accommodate tests requiring fossil fuel
burning engines 1s the NASA Ames 40 x 80 foot tunnel. This tunnel operates at
sea level cotal pressure at speeds up to  0.45 Mach number. The tunnel size
will allow testing of a complete semi-span wing and fuselage 1f the airplane is

mounted horizontally on three tunnel :upport struts (Figure 73d). Tliese struts
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will allow both piteh and sideslip angle wiriation. Lift coefficients up to
3.4 are within the capability of the tunnel halance, and the balance drag link
18 sufficiently strong to allow testing of the prop-fan engine at full power
when the thrust is approximately 7,500 pounds {3,104 kg).

If the airplane is split at the plane of symmetry and mounted on the balance
turntable in the tunnel floor with the wing vertical, the wing must be clipped
at 90 percent semi-span, as referred to the DC~9 (Figure 73d). The balance
load capacity limits the 1ift coefficient to 0.55 for this mounting arrangement
and the model cannot be tested in sideslip. The tunnel intexference effects
are assesscd by evaluating the tunnel solid blockage eand the Incremental
velocities produced by the prop-fan thrust, The solid blockage, in either
case, 1§ about 5.5 percent which is high but acceptable for low speed testing.

The tunnel veloeclty correction due to power is small, less than 1 percent,

HIGH SPEED WIND TUNNEL TESTBED INSTALLATION

The large wind tunnels which will accommodate fossil fuel burning engines and
provide test Mach numbers of 0.8 are the AEDC l6-foot Transonic Tunnel, the
ONERA S1 (26-foot diameter) Tunnel in Modane, France, and the NASA Lewis
Altitude Tunnel with the proposed improvements. Of these, only the Lewis
Aliitude Tunnel with the proposed improvements provides proper simulation of
both the temperature and pressure at 30,000 feet (9,144 m) altitude. Howaver,
this facility will probably not be available for four or five years, too far
downstream to ald this phase of the prop—fan program. The AEDC 16-foot Tunnel
will allow simulation of the pressure at 30,000 feet (9,144 m); however, the
tunnel heat exchangers do not have the capacity to cool the tunnel air to 412
degrees Rankine, the standard temperature at 30,000 feet (9,144 m). The ONERA
51 Tunnel operates at an ambient total pressure, therefore, at a Mach numer of
0.8 the test section static pressure is approximately equal to the pressure at
11,000 feet (3,352 m).

Because of the limited size of the test sections of these facilities, only
partial span wings can be tested with the prop-fan engine and nacelle, Figures
73a, 73b and 73c¢ depict the installation considered for each facility. As
shown in Figure 73a, the stub wing is to be supported in the AEDC 16-foot
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tunnel with a trunion system. The airloads and engine thrust are measured with
the largest existing six component strain-gage balance avallable. However,
because of the large area of the wing, the balance normal force limitations of
16,000 pounds (7,256 kg) limits the 1ift coefficlent to approximately 0.2 at a
Mach number of 0,8. 1In addition, the solid blockage of the installation
studied is 9.8 percent, well above the acceptale level of 0.5 percent. Similar
installations were studied for the ONERA S1 tunnel, Figure 73c¢c, and for the
NASA Lewis Altitude Tunnel, Figure 73b. The available ONERA balance limits the
lift coefficlents to an unacceptably low value; the balance for the Lewis
Altitude Tunnel is undefined. The solid blockage in these facilities, 7.2 and

9.7 percent, respectively, will result in erroneous force data.

In addition, since the size of available tunnels limits testing to a partial
span wing, the wing tip is not present which means that the downwash, sidewash,
and spanwise 1ift distribution of the wi~z in the propeller/nacelle region are
not properly simulated. The missing wingtip and the distortion of the loading
caused by the wind tunnel walls, will modify the vortex wake downstream of the
wing, thereby modifying the downwash in the wing plane which 1s the cause of
induced drag. Prop-fan power effects on the span loading are not properly
represented because of the interaction of the prop—~fan wake and wing trailing
vortex wake are also not properly simulated. The local flow fields in the
regicn of the propeller nacelle 1is also incorrect. The factors discussed above
lead to the conclusion that the proper thrust and drag cannot be obtained in

the tunnel using flight size hardware.

Since the use of a partial span wing is not satisfactory, the most promising
test installation appears to consist of the engine nacelle mounted on a blade
strut support with no wing (Figure 73a). This installation permits evaluation
of the engine thrust at static, takeoff, and cruise conditions. The angle of
the airflow in the plane of the prop-fan can be approximated by adjusting the
angle of incidence of the engine and nacelle. Because of the pressure altitude
simulation capability and the availability, the AEDC l6-foot transonic tunnel
would be the preferred facllity in whieh to conduct the isolated strut mount

prop-fan engine test.
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Although the strut mounted engine test in the AEDC l6-foot tunnel will yleld
the most meaningful data, the results will not satisfactorily fulfill all of
the test requirements. Since the engine is to be tested without the influence
of the wing, the upwash and sidewash caused by the wing flow field are not
present and the proper levels of engine thrust-minus-installed-drag cannot be

measured.

A rough order of magnitude estimate indicates that the cost of preparing an
engine for test on a blade strut in the AEDC l6-foot tunnel, designing and
fabricating the support system and balance mounts, conducting the test, and
preparing pre-test and post-test reports are approximately $453IK, in 1981
dollars, and requires approximately eight months to complete. The cost

estimate assumes that the tunnel is to be furnished at no expense to DAC.

LARGE SCALE WIND TUNNEL RECOMMENDATIONS

The results of the study of the feasibility of testing the prop-fan flight
hardware in a wind tunnel, summarized in Figure 74, clearly indicate that all
the desired test data cannot be obtained. Using the only reasonable
installation, the isolated~strut mounted nacelle in the AEDC l6~foct tunnel,
the approximate engine thrust can be obtained; however, because of the large
diameter of the prop-fan relative to the tunnel size, the data will be
questionable. Since there is no wing in the tunnel, the installed thrust minus
drag cannot be determined. The prop—fan leoads may be approximated by setting
the engine angle of attack at values derived from a three dimensional analysis
of the wing flow field; however, the variation of flow £ -1d angles across the

prop-fan disc cannot be simulated.

An overall e-aluation of the wind tunnel as a means of obtaining proper large

scale prop-fan/engine/nacelle data results in the following conclusions:
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Flow Simulation

o None of the tunnels will accommodate a complzte span model
at My, = 0.8.
o Upwash and sidewash cannot be simulated.
o All tunaels have balance normal force limitations witk « partial

span wing at M, = 0.8 and 30,000 feet (9,144 m) simulation.
0 Lewis Altitude Tunnel will not be available until at least 1985,

Thrust Minus Drag

o Cannot measure because of partial span wing.
o Proper airfoll section drag cannot be obtained due to

balance normal force limits.

For test conditions at M ~ 0.45, tt» prop-fan loads, thrust-drag, and isolated
prop-fan efficiency are obtainable from appropriate wind tunnel tests.
However, for the test conditions of Moruise of 0.80, these prop-fan loads and
thrust-drag data are not obtainable; even the results for prop-fan efficiency
are questionable. Because of the insdequacy of the wind tunnel test results,
it 1s recommended that the DC-~9-10 prop-fan flying testbed be used to obtain
the aerodynamic data for the prop-fau configuration at large scale. Rellable

acoustic data must also be obtained from flylng testbed results.
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ROM COSTS OF TWO-NACELLE PROP-FAN TESTBED PROGRAM

BACKGROUND

The estimated costs for the two-nacelle prop-~fan testbed are based on a
detailed evaluation of the WBS elements identified in Appendix II. Wherever
possible, the bulldup of manhour estimates were made from very similar effort
accomplished in the recent past. There were several NASA sponsored programs
that involved Flight tests on a DC~8 and a DC-9 aircraft that were specifically
related to the propulsion system on the aireraft. The DC~8 "Quiet Engine
Program” consisted of modifications and special acoustic treatment designs on
all four nacelles. The DC-9 "Refan Program” cons.sted of design, wind tunnel
testing, fabrication of new nacelles, and pylon support structure for a rebuilt
JT8D-9 engine that was converted to é larger diameter JT8D-~209 engine. In
addition, a recently completed program for the Air Force called PABST (Primary
Adhesively Bonded Structure Test) involved the design and fabrication of tools
and components for a single major test assembly, A very recent program that
involved a considerable number of high and low speed and flutter wind tunnel
models, as well as the design and constyuction of one set of Elight test parts,
was the DC-10 Winglet Flight Evaluation Program. All of the above programs
nave very similar work efforts that are identified in this prop-fan program.
It is noteworthy to Indicate that all of the above—-mentioned programs were

accomplished on schedule and within budget.

MAJOR ELEMENT DESCRIPTION

Freliminary Design Through PDR

All najor functions that are to participate on the pregram are to be assigned
and co~located in one area and to work together in establishing the design of
the nacelie installatlion on the wing in a most cost effective man ar
considering design, tooling, fabrication, assembly, and installation which will
result in a preliminary manufacturing plan. In parallel with this effort the
specific definicion of all the model programs is to be drafted into preliminary

planning documents. 1In conjunction with the engine/gearbox subcontractor and

171



propeller supplier, a draft plan for large scale ground testing, taxl testing
and flight testing is to be prepared. All the preliminary planning documents
are to be provided st the Preliminary Design Review (PDR). 1In addition, at PDR
the layout drawings for the flight test nacelle, airvcraft modification and test
installation will be provided for approval.

Deveolopment Testing

Immediately after the PDR approval, the detail definition of all model wind
tunnel testing is dnitiated. Both high and low speed wind tunnel models of the
test alrcraft are considered to be tested in the NASA Ames Research Center
1l-foot and 12-foot wind tunnels provided at no Contractor expense. Model
modifications consider nacelles off and on, both powered and unpowered, with
the primary objective of stability and control required to define minimum
operational speeds considering one prop-fan system failure and one test
aircraft primary propulsion system failure. A basic low speed flutter model is
considercd essential to the program for methods validation for both the

A

nacelles on and off. test aivcraft full scale inlet 1s aleo considered as
part of this program. The acoustic development tests are Iin two parts. One
deals with the development of treatment that can be added to the current
structural arrangement of the test alrcraft fuselage. The second part of the
acoustlc development effort will be the definition and specimen tests of n
newly designed segment of structure optimized for minimam acoustic
transmission. The layout of this s.ction would be suitable for rework into the

test alrcraft.

Detail Design

The selection of the flight test nacelle and installation configuration will
have been made as a vesult of PDR. Upon NASA concurrence, the detail design is
to be initiated for the nacelle and for aircraft modification. The structural
detall design will be established in conjunction with manufacturing tooling in
order to "optimize" for a least cost prop-fan effort. The final dosizn for all
ma jor components will be completed at the Critical Design Review (CDR). At the
time of CDR, the high speed wind tunnel model stability and control, inlet, and
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acoustic tests should be completed. The low speed tests can be completed aftex
CDR. At CDR both engine and prop-fan subcontractors will participate to
ldentify their interface requirements, how they have been satisfied in the
program to date, as well as how the future schedule and interface requirements
are belng satisfled. Tooling design and tool fabrication will be ncarly
complete at CDR with some component fabrication of parts in progress. At GDR
the flight program instrumentation plan will have been complete.y definitized.

Ground Tests

The ground test programs will consist of a test stand run of the complete
flipht test propulsion assembly. Included will be the test engines, gearbox,
and first set of flightworthy prop-fan blades. Runs to full allowable gearbox
horsepower will be made for systems check-out and operation, The complete
flight test propulsion unit will than be installed in the flight nacelle on the
alreraft. A ground vibration test on the nacelle and aircraft will previously
have been conducted which included represenntativa mass and inertia of the
propulsion system. There may be some question regarding the propulsion system
representation during these ground vibration tests; if serious, the gfound
vibration teah would be accomplished with the full flight hardware installed.
Engine runs will be accomplished on the alreraft in a tie-down condiction. In
conjunetion with the installation check-out, a series of acoustic tests on the
fuselage sidewall will be accomplished. After successful completion of all
static ground runs, the alrcraft will underpo a series of taxi tests, up to 100
knots, to measure all structuval, acoustie, engine performance, and operational
data. For the purpose of this program, the 40 x 80 wind tunnel testing and
alternate fuselege sidewall are not inciuded in the cos: estimates and are

considered aptions to the baslec f£light program.

Flight Taests

Flight tests will be initlated after satisfactory completion of all ground
tests and analyses of all key data items. The aircraft flight handling
characteristics will be evaluated without power on the teat engines. Included

will be flutter checks for envelope expansion. The test engines will then be
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ailr started and operated at increasing horsepower and speod as the airecraft
operational characteristics are determined to be satisfactory. Propeller
performance (aerodynamic, structural, and acoustic) as well as fuselage
acoustic data and nacelle/wing aerodynamic data will be obtained throughout the

prescribed test envelope.

Baseline Flight Tests

The test alrceraft, prior to enterirg modification for nacelle installation,
will be Instrumented and a series of flights will be conducted to obtaln basic
flight handling and performance data. These basic data will then be a

reference for all prop-fan data to be gathered,

Ma jor Subcontracting

At iniciation of the basiec or prime contract, a definition of the engine/
gearbox subcontract will be made. For purposes of ROM estimates, Ilnformation
has been provided by Detroit Diesel Allison (DDA), a Division of General
Motors, for gearbox manufacture and shaft engine preparation in a configuration
suitable for flight test. During preliminary design, DDA will be given a
purchase order to present their role in the program at PDR. For purposes of
thls contract effort, the DDA estimate used in the summary cost figures include
engine runs of 50 hours on the dynamometer. The first buildup with a propeller
will be on the Douglas test stand. For the ROM estimates presentad, the
prop-fan subcontret with Hamilton Standard would cc.mence upon recelpt of the
flight hardware. All previous effort PDR and CDR would be covered under a
Prop-fan Development Contract with Hamilton Standard. A subcontract with
Hamilton Standard {s considered in effect during all ground and flight tests
that included the prop-fan. For ROM estimating purposes, it is assumed that
the twe companies identified above will be the only major subcontractors.
Consideration was given to soliciting estimates from a nacelle design and/or
fabricator, but for purposes of the estimates shown in this report, the nacelle

design and manufacture is accomplished by the airframe company.
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Program Management

The estimates made in this element consider the direct charge Project
Management which includes a Task Manager from Engincering, Manufacturing and
Flight Test, These rersonnel are not necessarily full time for the duration of
the program. The Adminlstrative business function for budget and schedule
planning and tracking is also included in this element. Costs for all
estimated reports (monthly, quarterly, planning, test rcsults, ete,) are
ineluded in this section. Oral report preparation and travel are also

considered in this sectlon of the estimates.

Costs

The estimated total program costs, Rough Order of Magnitude {(ROM), for a
prop-fan program outlined in the previous paragraphs and outlined more
speciflcally in WBS format in Appendix II 1is provided in Figure 75. These ROM

estimates are costs which include all normal burden charges except fee.

Program Schadule

The program schedule from which all the cost estimates were generated was
developed in mid-contract period. The two major subcontractors suppliled their
schedule based on the definition of the prop-fan testbed program at that time
(late 1980). The program overall schedule is shown in Figure 76, which
identiries first flight occurring at 44 months from program go—ahead. The
program schedule considers that the first flight prop-fan delivery occurs at 33
months from go-ahead. This schedule colncides with a schedule developed by
Hamilton Standard based on their ability to deliver the flight prop-£fan in the
33 month time period (Figure 77)., The engine gearbox delivery from DDA is
identified as available in 15 months from go-ahead. DDA go-ahead could occur
as part of the CDR release schedule. The program does consider an earlier
start for DDA so that e2ngine/gearbox f£it checks in the test stand and aircraft
can be made well ahead of receipt of the f£light rated prop-fan assembly. The
DDA schedule is provided in Figure 78, Also shown on the DDA schedule are
Option 1| and Optior 2, which are not considered in this particular program
since the first full propulsion system run with the flight hardware is

identified as a Douglas test stand ground run element.
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ESTIMATED TOTAL PROGRAM COSTS
ROUGH ORDER MAGNITUDE (ROM)
DC~9~-10 TESTBED
(Two Allison T701 Engines)

WBS Element* $K 1981
(Mid-Year)

1000 Preliminary Design thru PPR 1,200
2000 Development Testing 4,560
3000 Detailed Design thru CDR 2,800
4000 Manufacturing 6,340
5000 Ground Tests 5,635
6000 Flight Tests 7,410
7000 Baseline Flight Tests 2,225
8000 Major Subcontracting 6,500%*
9000 Program Management 4,100
Test Aircraft Cost (DC-9-10) 2,500
TOTAL 43,000

*Appendix JI for detailed definition of effort considered in each element.

**DDA engine and gearbox plus program support
Hamilton Standard program support.

FIGURE 75. ESTIMATED TOTAL COSTS FOR PROP-FAN TESTBED PROGRAM
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FIGURE 76. DOUGLAS AIRCRAFT PROP-FAN TESTBED PROGRAM SCHEDULE
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FIGURE 77. HAMILTON STANDARD PROP-FAN TESTBED PROGRAM SCHEDULE
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APPENDIX 1
CAPABILITIES OF WIND TUNNELS SUITABLE FOR
PROP-FAN TESTBED LaRGE SCALE TESTING

Test Facility: NASA Ames 40 x 80 foot wind tunnel, Moffett Field, Calif.

| |G

FULL SPAN PLUS FUSELAGE

Capabilities;

o Speed range: Mach No. 0 ~ 0.45

o Pressure: Atmospheric total pressure

0 TForce measuring: External balance with
Normal force limit = 102,000 1b (46,258 kg)
Axial force limit = 18,000 1b (8,163 kgl

o Axial force limit-to-force required = 18,000/7,500 (8,163/3,401 kg)

°© O limit = 3.4

o Angle of artack range: Ample

0 Allows testing of complete half-span configuration

Q

Utilizes existing tunnel supports
Limitations:
o Not available until July 1982

¢ Low speed only

Tunnel Interference:

o Solid blockage = 5.5 percent

0 Aprop/Atunne]_ = 2.8 percent

) AV/V)PHR = <1 percent
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ORIGINAL PAGE 15
OF POOR QUALITY

Test Facility: NASA Ames 40 x 80 foot wind tunnel, Moffett Field, Calif.

|

80-PERCENT SPAN
PLUS FUSELAGE
Capabilities:
o Speed range: Mach No. 0 ~ 0.45
0 Pressure: Atmospherie total pressure
o Force measuring: External balance with

Normal force limit = 16,400 (7,437 kg)
Axial force limit = 18,000 (8,163 kg)
o Axial force limit-to-force required = 18,000/7,500 (8,163/3,401 kg)
o Angle of attack range: Ample
o Allows testing with 90 percent of the model span
and half the fuselage
o Utilizes existing tunnel supports

Limitations:
o Not avallable until Juiy 1982
Tip effects not simuvlated

0
o Low speeds only
o

CL 1imit & 0.55 (16,400 1b [7,437 kgl rormal force limit)

Tunnel Interference:

o Solild blockage = 5.5 percent

o Aprop/Atunne: = }.8 percent

o AV/V)pm

i

<1 percent
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ORIGINAL PAGE g
OF POOR QUALITY

Test Facility: AEDC 16 foot transonic wind tunnel, Tullahoma, Tennessee

PARTIAL SPAN
Capabilities:
o Speed range: Mach No. 0 —= 1.6
o Pressure: 180 — 4,000 psfa (12.7 — 281.2 kg/s8q m)
o Force measuring: 6 component strain gage balance with

Normal force limit = 16,000 1b (7,256 kg)
Axial force limit = 8,000 1b (3,628 kg)

Axlal force limit-to-force required

= 8,000/7,500 (3,628/3,401 kg) at M = .2

= 8,000/2,250 (3,628/1,020 kg) at M = .8

Angle of attack: Ample

Can simulate 30,000 feet (9,144 m) pressure

at M = 0.8 but not temperature

Perforated test section walls

Limitations:

]

o}

Partial wing span

Support system must be adapted

Tunnel Interference:

o

0
v}

Solid blockage = 9.8 percent

Aprop/Atunnel = 30 percent

V/V)PWR

I

B percent at M = 0.2
= 1 percent at M = 0.8
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ORIGINAL PAGE 1S
OF POOR QUALITY

Tegt Facility: AEDC 16 foot transenic wind tunnel, Tullahoma, Tennessce

STRUT SUPPORT NO WING

Capabilities:
0 Speed range: Mach No. 0 —« 1.6
o Pressure: 180 — 4,000 psfa (12.7 —~ 281.2 kg/sq m)
0 Force measuring: 6 component strain gage balance with
Normal force limit = 16,000 1b (7,256 kg)
Axial force limit = 8,000 1b (3,628 kg)

o Axial force lirit-to—force required
= 8,000/7,500 (3,628/3,401 kg) at M = .2
= §,000/2,250 (3,628/1,020 kg) o~ M = .8
o Angle of attack: Undefined
o Can simulate 30,000 feet (9,144 m) pressure
at M = 0.8 but not temperature

o Perforated test section walls

Limitations:
o Wirg not simulated
o Support system must be adapted

Tunnel Interf..rence:
o Solid blockage

]

3.0 percent

© Aprop/Atunnel 30 percent

o V/‘])pHR = 8 percent at M = 0.2
= 1 percent at ¥ = 0.8

184



ORIGINAL PRI sy
OF POCR QUALITY

Test Facility: ONERA 81, subsonic-transonic wind tunnel, Modane, France
8 meter (26.2 ft.) diameter

PARTIAL SPAN
Capabilities:
o Speed range: Mach No., 0 — 1.03
o Pressure: Atmospheric total pressure
o Force measuring: External balance with

Normal force limit = 18,000 1b (8,163 kg)
Axial force limit = 22,500 1b (10,204 kg)
o Axial force limit-to-force required
= 22,500/7,500 (10,204/3,401 kg) at ¥ = 0.2
= 22,500/4,400 (10,204/1,995 kg) at M = 0.8
o Angle of attack range: Ample
0 Utilizes existing tunnel suppor’'s
o Full range of required Mach No. can be tested
with one installation

o Mirimally slotted test section walls

o Partial wing span
o Altitude simulation at M
o C . limit

0.8 is 11,000 £t (3,352 m)
0.8 at M = 0.2

0.07 at M = 0.8

I

Tunnel Interference:

o Solid blockage = 7.2 percent
o Aprop/Atunnel = 14 percent
o AV/Vipyr = 4 percent at 0.2
= 1 percent 2. M = 0.8
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ORIGINAL PAGE IS
OF POOR QUALITY

Test Facility: NASA Lewis altitude wind tunnel, Cleveland, Ohilo

PARTIAL SPAN
Capabilities:
o Speed range: Mach No. 0 - 0.8
o Pressure: 1.32 psia ( .93 kg/sq m2) — atmospheric

o Test sertion diameters:  Low speed 45 £t (13.7 m)
High speed 20 ft (6.10 m)
o Force measurlng: Undefined
o Angle of attack range: Undefined
¢ Revisions to tunnel can be designed to the
test and model requirements
o Proper temperature and pressure simulation
for M = 0.8 at 30,000 ft (9,144 m) altitude
o Slotted test section walls

o Support system exists

Limitations:
¢ Tunnel not available earlier than 1985

o Partlal wing span

Tunnel Interference:

o Solid blockage = 4.0 percent (45 ft [13.7 m] diameter)
m 9,7 percent (20 ft [6.1 m] dilameter)

°  Aprop/Agunnel - 5 percent (45 ft [13.7 m] diameter)
= 25 pevcent (20 ft (6.1 m] diameter)

o V/VIpyr - 1 percent (45 ft [13.7 m] diam. at M = 0.2)
= 1 percent (20 ft [6.1 m] diam. at M = 0.8)
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APPENDIX II

PROP-FAN FUIGHT RESEARCH PROGRAM
WORK BREAKDOWN STRUCTURE (WBS)

Although not a part of the contractual Statement of Work (NAS3-22347), a work
breakdown structure (WBS) through the second level, appropriate to the Prop-fan
Flight Research Program, is included here as Appendix II. This WBS has
previously been submitted to NASA Lewls as ACEE Report 27~PL-1480A, dated May
1981. Further expansion of this WBS 1is considered apropos as a part of the

response to the upcoming RFP on prop-fan testbed program.

187



001

SUMMARY

MAJOR WBS ELEMENTS

FLIGHT RESEARCH PROGRAM

1000
2000
3000
4000
5000
6000
7000
8000

9000

PRELTMINARY DESIGN
DEVELOPMENT TESTING
DETAIL DESIGN
MANUFACTURING

GROUND TESTS

FLIGHT TESTS
BASELINE FLIGHT TEST
MAJOR SUBCONTRACTING

PROGRAM MANAGEMENT
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1000

WIS WORKSHEELT

PRELIMINARY DESIGN

1100
1200
1300
1400
1500
1600
1700
1800

1900

AERO INSTALLATION DESIGN
STRUCTURAL LAYQUT
INSTALLATION LAYOUT
DEVELOPMENT TEST (PLAN)
MANUFACTURING (PLAN)
GROUND TEST (PLAN)

FLIGHT TEST (PLAN)
PRELIMINARY DESIGN REVIEW

ALTERNATE PROGRAM
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2000

WBS WORKSHEET

DEVELOPMENT TESTING

2100
2200
2300
2400
2500

2600

HIGH SPEED WIND TUNNEL MODBEL TEST
LOW SPEED WIND TUNNEL MODEL TEST
INLET WIND TUWNEL MODEL TEST

LOW SPEED FLUTTER MODEL TEST
ACOUSTIC TREATMENT DEVELOPMENT TESTS

ALTERNATE FUSELAGE STRUCTURE DEVELOPMENT TESTS
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3000

WBS _WORKSHEET

DETAIL DESIGN

3100
3200
3300
3400
3500

AERODYNAMIC CONFIGURATION
STRUCTURE

INSTALLATION

ATRCRAFT MODIFICATION

CRITICAL DESIGN REVIEW
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4000

WBS WORKSHEET

MANUFACTURING

4100 PLANNING

4200 TOOLING

4300  TABRICATION

4400  ASSEMBLY

4500 AIRCRAFT MODIFICATION
4600  INSTALLATION

4700  SUSTAINING ENGINEERING
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5000

WB3 WORKSHEET

GROUND TESTS

5100 INSTRUMENTATION

5200 TEST STAND

5300 GROUND VIBRATION TEST

5400  STATIC ERGINE RUN - INSTALLED

5500 TAXI TESTS

5600 ALTERNATE FUSELAGE SIDEWALL

5700 SUSTAINING ENGINEERING

5800 FORWARD NACELLE 40 x 80 WIND TUNNEL
5900 NACELLE/WING 40 x 80 WIND TUNNEL
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6000

WBS WORKSHEET

FLIGHT TESTS

6100
6200
6300
6400
6500
6600
6700
6800

6900

TEST PLAN

INSTRUMENTATION CHECKOUT
ATRCRAFT ENVELOPE EVALUATION
TEST ENGINE OPERATION

ENGINE TEST ENVELOPE EVALUATION
PERFORMANCE TESTS

ACOUSTIC TESTS

ENVELOPE EXPANSION

FLIGHT TEST DATA
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7000

WBS WORKSHEET

BASELINE FLIGHT TESTS

7100
7200
7300
7400
7500

7600

TEST PLAN

CALIBRATE ENGINES
INSTRUMENTATION
WING PRESSURE SURVEY
CRUISE PERFORMANCE

FLIGHT TEST DATA
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8000

9000

WBS WORKSHEET

MAJOR SUBCONTRACTS

PROGRAM MANAGEMENT

91C0
9200
9300
9400
9500
9600

9700

PROJECT MANAGEMENT
ADMINISTRATION BUDGET/SCHEDULE
REPORTS - PERIODIC

ORAL REPORTS

INTERIM REPORTS

FINAL & SUMMARY REPORTS

TRAVEL
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WBS WORKSHEET

1000 PRELIMINARY DESIGN

1100

1200

1300

AERO INSTALLATION DESIGN

1101
1102
1103

. 1104

1105
1106

1107

FORWARD NACELLE
AFT NACELLE
ENGINE INLET

OIL COOLER INLET
WING LEADING EDGE
TAYLPIPE

ATRCRAFY

STRUCTURAL LAYOUT

1201
1202
1203

1204

FORWARD WACELLE
AFT NACELLE
WING ATTACH

AIRCRAFT MODIFICATION

INSTALLATION LAYQUT

1310
1320

1330
1340

1350
1360
1370
1380

1390

MOUNTING SYSTEM POWER/TRAIN
CONTROLS

FUEL SYSTEMS

OIL COOLING SYSTEM
ACCESSORIES
INLET/EXHAUST
SYNCHROPEASING SYSTEM
EMERGENCY/SAFETY SYSTEMS

PRELIMINARY INSTALLATION SPECIFICATION
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WBS WORKSHEET

1000 PRELIMINARY DESIGN (CONTINUED)

1400

1500

1600

DEVELOPMENT TESTS (PLAN)

1410
1420
1430
1440
1450
1460

1470

HIGH SPEED WIND TUNNEL MODEL
LOV SPEED WIND TUNNEL HODEL
INLET WIND TUNNEL MODEL

LOW SPEED FLUITER MODEL
ACOUSTIC TREATMENT DEVELOPMENT
ALTERNATE FUSELAGE STRUCTURE

PRELIMINARY DEVELUGPMENT TEST PLAN

MANUFACTURING (PLAN)

1510
1520
1530
1540

1550

GROUND
1610
1620
1630
1640
1650
1660

PLANNING
TOOLING
FABRICATION
ASSEMBLY

PRELIMINARY MANUFACTURING PLAN

TESTS (PLAN)

INSTRUMENTATION DEFINITION
FORWARD RACELLE - QUARTZSITE
AIRCRAFT INSTALLATION - PROOF TEST
AIRCRAFT INSTALLATION ~ GVT

STATIC & TAXI RUNS ~ ACOUSTIC

DATA REDUCTION AND ANALYSIS
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WBS WORKSHEET

1000  PRELIMINARY DESIGN (CONTINUED)
1600  GROUND TESTS (PLAN) (CONTINUED)
1670  PRELIMINARY GROUND TEST PLAN
1680 FORWARD NACELLE - 40 x 80 WIND TUNNEL

1690  INSTALLATION & WING SECTION - 40 x 80 WIND ''UNNEL

1700  FLIGHT TESTS (PLAN)
1710  INSTRUMENTATION DEFINITION
1720  AIRCRAFT ENVELOPE EVALUATION
1730  TEST ENGINE OPERATION
1740  ENGINE TEST ENVELOPE EVALUATION
1750  ACOUSTIC CONDITION
1760 ENVELOPE EXPANSION
1770  FLYOVER NOISE
1780  DATA REDUCTION AND ANALYSIS

1790  PRELIMINARY FLIGHT TEST PLAN

1800 PRELIMINARY DESIGN UEVIEW

1810 NASA APPROVAL
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WBS WORKSHEET

2000  DEVELOPMENT TESTING
2100 HIGH SPEED WIND TUNNEL MODEL TEST
2110  MODEL CONFIGURATION
2120  MODEL DESIGN
2130  MODEL FABRICATION
2140  MODEL INSTRUMENTATION
2150  TEST PLAN
2160  MODEL TESTS
2170  DATA REDUCTION
2180  DATA ANALYSIS

2190  TEST REPORTING

2200 LOW SPEED WIND TUNNEL MODEL TEST
2210 MODEL CONFIGURATION
2220  MODEL DESIGN
2230  MODEL FABRICATICON
2240  MODEL INSTRUMENTATION
2250  TEST PLAN
2260  MODEL TESTS
2270  DATA REDUCTION
2280  DATA ANALYSIS

2290  TEST REPORTING
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WBS WORKSHEET

2000 DEVELOPMENT TESTING (CONTINUED)

2300

2400

INLET WIND TUNNEL MODEL TEST

2310
2320
2330
2340
2350
2360
2370
2380

2390

MODEL CONFIGURATION
MODEL DESIGN

MODEL FABRICATION
MODEL INSTRUMENTATION
TEST PLAN

MODEL 'FESTS

DATA REDUCTION

DATA ANALYSIS

TEST REPORTING

LOW SPEED FLUTTER MODEL TES-

2410
2420
2430
2440
2450
2460
2470
2480

2490

MODEL CONFIGURATION
MODEL DESIGN

MODEL FABRICATION
MODEL INSTRUMENTATION
TEST PLAN

MODEL TESTS

DATA REDUCTION

DATA ANALYSIG

TEST REPORTING
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WBS WORKSHEET

2000  DEVELOPMENT TESTING (CONTINUED)
2500  ACOUSTIC TREATMENT DEVELOPMENT TESTS
2510  BASIC STRUCTURE ANALYSIS
2520  TREATMENT A DESIGN
2530  TEST PLAN
2540  TREATMENT FABRICATION
2550  TREATMENT TESTING
2560  DATA REDUCTION
2570  DATA ANALYSIS

2580  RECOMMENDATION REPORT

2600  ALTERNATE FUSELAGE STRUCTURE DEVELOPMENT TEST
2610  CONFIGURATION ANALYSIS
4620  TEST SELECTION DESIGN
2630  TEST PLAN
2640  COMPONENT FABRICATION
2650  COMPONENT TESTING
2660  DATA REDUCTION
2670  DATA ANALYSTIS

2680  DESIGN RECOMMENDATION
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3000

DETAIL DESIGN

3100

3200

3300

WBS WORKSHEET

AERODYNAMIC CONFIGURATION

3110 FORWARD NACELLE

3120  AFYT NACELLE

3130 ENGINE INLET

3140 OIL COOLER INLET

3150 WING LEADING EDGE
STRUCTURAL

3210  FORWARD NACELLE

3220  AFT NACELLE

3230 WING ATTACH

3240  WING LEADING EDGE
INSTALLATION

3310 MOUNTING SYSTEMS POWER TRAIN
3320  CONTROLS

3330 FUEL SYSTEM

3340 OIL COOLING SYSTEM

3350  ACCESSORIES

3360  INLET/EXHAUST

3370  SYNCHROPHASING SYSTEMS
3380 EMERGENCY/SAFETY SYSTEMS
3390  INSTALLATION SPECIFICATTON
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3000

WBS WORKSHEET

DETAIL DESIGN (CONTINUED)

3400

3500

AIRCRAFT MODIFICATION
3410  WING
3411  SPAR & SKIN PANELS
3412  LEADING EDGE
3413  TRAILING EDGE
3414 SPOILER SYSTEM
3420 FUSELAGE
3421  ACOUSTIC TREATMENT
3422 ALTERNATE SIDEWALL
3430 CONTROLS & DISPLAYS
3431  COCKPIT
3432 TEST CONSOLE

3433  WING/FUSELAGE

CRITICAL DESIGN REVIEW

3510  NASA APPROVAL
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4000

WBS WORKSHEET

MANUFACTURING
4100  PLANNING
4110  FORWARD NACELLE
4120  AFT NACELLE
4130 WING MODIFICATION
4140  CONTROL SYSTEMS
4150 TUEL & OIL COOLING SYSTEM
4160  FUSELAGE TREATMENT
4170  INLET/EXHAUST
4180  ACCESSORIES INSTALLATION
4190  ALTERNATE FUSELAGE SIDEWALL
4200 TOOLING
4210 FORWARD NACELLE
4220  APFT NACELLE
4230 WING MODIFICATION
4240  CONTROL SYSTEMS
4250 FUEL & OIL COOLING SYSTEM
4260  FUSELAGE TREATMENT
4270  INLET/EXHAUST
4280  ACCESSORIES INSTALLATION
4290  ALTERNATE FUSELAGE SIDEWALL
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4000 MANUFACTURING

4300

4400

4500

WBS_WORKSHEET

(CONTINUED})
FABRICATION
4310 FORWARD NACELLE
4320  ATFT NACELLE
4330 WING MODIFICATION
4340  CONTROL SYSTEM
4350 TFUEL & OIL COOLING SYSTEM
4360 TFUSELAGE TREATMENT
4370  INLET EXHAUST
4380  ACCESSORIES TNSTALLATION
4390  ALTERNATE FUSELAGE SIDEWALL
ASSEMBLY
4410 FORWARD NACELLE
4420  AFT NACELLE

ATRCRAFT MODIFICATION

4501
4510
4520
4530

4540

ATRCRAFT AVAILABILITY
WING STRUCTURE

FUEL SYSTEM

SPOILER CONTROL SYSTEMS

WING LEADING EDGE
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4000

WBS WORKSHEET

MANUFACTURING (CONTINUED)

4600

4700

INSTALLATION

4610  AFT NACELLE

4620 FORWARD NACELLE

4630 PROPULSION SYSTEM

4640 FUEL SYSTEM

4650  CONTROL SYSTEMS

4660  FUSELAGE TREATMENT

4670  INLET/EXHAUST

4680  ACCESSORIES

4690  ALTERNATE FUSELAGE SIDEWALL

SUSTAINING ENGINEERING
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WBS WORKSHEET

5000 GROUND TESTS
5100  INSTRUMENTATION
5110 DESIGN
5111  FORWARD NACELLE
5112  AFT NACELLE
5113  WING/FUSELAGE
5120  FABRICATION
5121 FORWARD NACELLE
5122  AFT NACELLE
5123  WING/FUSELAGE
5130  INSTALLATION
5131 FORWARD NACELLE
5132  AFT NACELLE
5133  WING/FUSELAGE
5200 TEST STAND
5210 TEST PLAN
5220  INSTALLATION - SUPPORT FIXTURE FORWARD NACELLE
5221 DESIGN
522101 TEST STRUCTURE
522102 CONTROLS
522103 FUEL SVSTEM
5222  FABRICATION
522201 TEST STRUCTURE
522202 CONTROLS
522203 YUEL SYSTEM
5223  ASSEMBLY TEST STRUCTURE
522301 TEST STRUCTURE

522302 CONTROLS
522303 FUEL SYSTEM
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WBS WORKSHEET

5000 GROUND TESTS (CONTINUED)
5200 TEST STANDS (CONTINUED)
5224  TEST STAND INSTALLATION
522401 TEST STRUCTURE
522402 CONTROLS
522403 TFUEL SYSTEM
5230  INSTRUMENTATICN
5231 DESICN
5232  FABRICATION
5233  INSTALLATION
524C  NACELLE INSTALLATION
5250 EQUIPMENT INSTALLATION
5251 ENGINE - GB - PROP
5252  CONTROLS
5253  FUEL SYSTEM
5254  ACCESSORIES
5260 STARTUP & CHECKOUT
5270  TEST RUNS

5280 DATA REDUCTION & ANALYSIS

5290 TEST REPORT

5300 GROUND VIBRATION TEST
531C TEST PLAN
5320 TEST SETUP
5321 DESIGN
5322  FABRICATION

5323  ASSEMBLY
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5000

GROUND TESTS

5300

5400

5300

WBS WORKSHEET

(CONTIKUED)
GROUND VIBRATION TEST (CONTINUED)
5330  INSTRUMENTATTON
5331 DESIGN
5332  FABRICATION
5333  INSTRUMENTATION INSTALLATION
5340  ALRCRAFT SETUP
5350 TESTING
5360  DATA REDUCTION & ANALYSIS
5370  TEST REPORT
STATIC ENGINE RUN ~ INSTALLED
5410 TEST PLAN
5420 ENGINE STARTUP & CHECKOUT
5430 ENGINE TEST RUNS
5440  ACOUSTIC TEST RUNS
5441  ENGINE RUNUP ACOUSTIC TESTS
5442  CABIN REVERBERATION TESTS
5450 DATA REDUCTION & ANALYSIS
5460  TEST REPORT
TAXI TESTS
5510 TEST PLAN
5520 ENGINE TEST TAXI RUNS
5530  ACOUSTIC TEST TAXI RUNS
5540  DATA REDUCTIONM
5550 TEST REPORT
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5000

GROUND TESTE

5600

5700

WBS WORKSHEET

(CONTINUED)

ALTERNATE FUSELAGE SIDEWALL

5610

5620

5630

5640

5650

TEST PLAN

INSTRUMENTATION

5621 DESIGN

5622  FABRICATION

5623  INSTALLATION
GROUND TESTS

5631  STATLIC ENGINE RUNS
5632  TAXI RUNS

DATA REDUCTION & ANALYSIS

TEST REPORT

SUSTAINING ENGINEERING
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5800

5900

WBS WORKSUEET

OPTION PROGRAM

FORWARD NACELLE 40 x 80

5810

5820

5830

5840

5850

5860
5870

5880

TEST PLAN
INSTRUMENTATIGN
5821  DESIGN

5822  FABRICATION
5823  INSTALLATION
TEST INSTALLATION
5831 DESIGN

5832  TABRICATION
5833  INSTALLATION

NACELLE INSTALLATION

5841
5842
5843
5844

STRUCTURAL

POWER SYSTEM

CONTROLS

FUEL SYSTEM

CHECKOUT & STARIUP

5851
3852
5853
TEST
DATA

TEST

STATIC STARTUP
TUNNEL RUN
CHECKOUT RUN

RUNS

REDUCTION & ANALYSIS

REPORT

NACELLE/WING 40 x 80

5910

TEST

PLAN
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5900

WIS WORRSHEEL

OPTION PROGRAM

NACELLE/WING 40 x 80 (CONTINUED)

5920

5930

5940

3950

5960

5970
5980

5990

INSTRUMENTAT LON
53921  DESIGN
5922 TABRICATTON
5923  INSTALLATION
TEST INSTALLATION
5931  DESIGN
5932  FABRICATION
5933  INSTALLATION
TEST WING INSTALLATION
5941  MODIFICATION DESIGN
5942  FABRICATION
5943  WING MODIFICATION
5944 INSTALLATION
5945  AFT NACELLE INSTALLATION
NACHELLE INSTALLATION
5951  STRUCTURAL
5952  POWER SYSTEM
5953  CONTROLS
5954 FUEL SYSTEM
CHECKOUT & STARTUP
5961  STATIC STARTUP
5962  TUNNEL RUN
5963  CHECKOUT RUN
TEST RUNS
DATA REDUCTION & ANALYSIS
TEST RETORT
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WBS WORKSHEET

6000  FLIGHT TESTS

6100 TEST PLAN
6110  FLIGHT SAFETY REVIEW BOARD
6120  FIRST FLIGHT

6200  INSTRUMENTATION CHECKOUT

6300 ATIRCRAFT ENVELOPE EVALUATION
6310 FLUTTER CHECKS
6320  STABILITY & CONTROL
6330  BUFFLET BOUNDARY

6400 TEST ENGINE OPERATION
6410  INFLIGHT STARTUP
6420  POWER VARTATIONS

6500 ENGINE TEST ENVELOPE EVALUATION
6510 HIGH SPEED
6520 LOW SPEED
6530  APPROACH CONFIGURATION

6600 PERFORMANCE TESTS
6610 DISK LOADING VARIATION
6620  SPEED VARIATIONS

6700  ACOUSTIC TESTS
6710  CRUISE CONDITION
6720 LOW SPEED

6730  APPROACH CONFIGURATION
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6000  FLIGHT TESTS

6700

800

6900

WBS WORKSHEET

( CONTINUED)

ACOUSTIC TESTS (CONTINUED)

6740  TFUSELAGE TREATMENT

6741
6742
6743

6744

AIRCRAFT INSTALLATION
INSTRUMENTATION INSTALLATION
GROUND TEST CONDITIONS

FLIGHT TEST CONDITIONS

6750  FLYOVER NOISE MEASUREMENT

6760  ALTERNATE TFUSELAGE SIDEWALL

ENVELOPE EXPANSION

6810 ALTITUDE REDUCTION

6820  SPEED VARIATION

6830 POWER VARIATION

FLIGHT TEST DATA

6910 DATA REDUCTION

6911
6912
6913
6914
6920  DATA
6921
6922
6923

6924

PROPELLER
POWER TRAIN
AIRCRAFT PERFORMANCE

ACOUSTICS

ANALYSIS

PROPELLER
POWER TRAIN
AIRCRAFT PERFORMANCE

ACOUSTICS
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6000

7000

WBS WORKSHEET

FLIGUT TESTS (CONTINUED)

6900

FLIGUT TEST DATA (CONTINUED}

6930  TEST REPORTS
6931  PROPELLER
6932 POWER TRAIN
6933  AIRCRAFT PERFORMANCE
6934  ACOUSTICS

6940  ALTERNATE FUSELAGE SIDEWALL
6941  DATA REDUCTION
6942  DATA ANALYSIS

6943  TEST REPORT

BASELINE FLIGHT TESTS

7100
7200

7300

7400
7500

7600

TEST PLAN

CALIBRATE ENGINES
INSTRUMENTATION (DATA SYSTEM)
7310 DESIGW

7320  FABRICATION
1330 TINSTALLATION
WING PRESSURE SURVEY
CRUISE PERFORMANCE
FLIGHT TEST DATA

7610  DATA REDUCTION
7620  DATA ANALYSIS

7630 TEST REPORT
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8000

9000

WBS WORKSHEET

MAJOR SUBCONTRACTS

DETROIT DIESEL ALLISON - ENGINE
~ GEARBOX
HAMILTON STANDARD - PROPELLER
- NACELLE

PROGRAM MANAGEMENT

9100
9200
9300

9400

8500
9600

9700

PROJECT MANAGEMENT
ADMINSTRATION BUDGET/SCHEDULE
REPORTING - PERIODIC
ORAL BRIEFINGS

9401  NO. 1 ANNUAL
9402 NO. 2 ANNUAL
9403 NO. 3 ANNUAL
9404  NO. 4 ANNUAL
9405  FINAL ORAL
INTERIM REPORT

FINAL & SUMMARY REPORT

TRAVEL
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APPENDIX III

BRIEF DESCRIPTION OF DOUGLAS FLIGHT TEST FACILITIES
PERTINENT TO THE ADVANCED PROP-FAN FLIGHT TEST PROGRAM

Brief excerpts from the Douglas Engineering and Research Technical Facility
Deseription Handbook are included in Appendix ILI. Those general sections
pertinent to the Douglas Advanced Prop-fan Flight Test Program wnich are
included in Appendix TIII are:

o

o]

e 0O o o O

Advanced Test Data System

Flight Crew Training Center

Yuma Flight Test Facility

Instrument Landing System - Yuma, Arizona
Precision Airecraft Tracking System -~ Yuma, Arizona
Flight Safety and Parachute Loft Facility

Ground Support Facilities, Flight and Laboratory Development
Support Shops, Flight and Laboratory Testing
Acoustilc Test Facilities

Radiation Test Facilities

Automated Graphics System
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DOUGLAS AIRCRAFT COMPAMNY

MCDONNELL DOUGLAS

CORPONATION

TECHNICAL FACILITY DESCRIPTION

ENGINEERING AND RESEARCH

ADVANCED TEST DATA SYSTEM

The Douglas Flight Test Data System was designed to pro-
vide a new approach to data acguisition, communications,
and processing. To ensure success for the DC-10 Program,
these three elements were developed and integrated simulta-
neously to obtaln maximum compatibility. The resulting
system has performed very well and according to design
specifications, [t has been successfully utilized in the
development and certification of the DC-10 (Series 10, 30,
and 4Q), DC-9 and DC-8 commercial alrcraft, the A-4N
military attack aircraft and the YC-15 advanced medium
STOL transport development and demonstration programs,
and many miscellaneous laboratory programs, including
seat ejection development tests and fuselagre decornpression
tests.

Operational Characteristics:

Airlyorne Data Acquisition System

The airborne data acquisition system was procured in
1968 and 10 of these systems are in use today. The
svstemn uses Pulse Code Modulation (PCM) encoding
technigques and contains 400 data channels, 90 chan-
nels recorded at prime sampling rates, 290G channels
recorded at a 10:1 subcom rate, and 20 channels 20:1
at a subcom rate, The prime and subcom allocations
are made up of 320 analog, 60 digital, and 20
frequency input channels. This prime channel
sampling srate can be controlled in flight from 400 to
10 samples per second in 6 stages,

Test information is resolved into a 10-bit data word
for a *511-count range. The maximum data stream
‘ate is 500,000 bits per second. Recording is in a
manchester 1 code (serial) with a maximum tape
packing density of 8333 bits per inch. Telemetry
transmission uses Non Return to Zero (NRZ) —M
code, An IRIC time code generator is integrated in
the system to provide system clock, remote time
displays for the flight-test engineer, clocking pulses to
drive auxiliary eguipment, group binary time in the
data stream, and serial Binary Coded Decimal (BCD}
time with a 1-kHz carrier on a separate tape search
track.

The system is given wide flexibility for recording

instrumentation inputs through the use of a signal

conditioning subsystem. This subsystem consists of

an identical processing network for 320 analog input

channels packaged in two 160-channel modules. Each
REVISED NOV -MBER 1879
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one provides amplification (gain}, zero adjustment,
active filtering, common mode isolation, shunt cali-
hration, and standard [nstrumentation excitation
power distribution. All elements except amplifiers
may be bypassed if desired. Transducer bridge,
thermocouple, or otlier electrical signal inputs of &
millivolts to 30 volts full-scale can be accepted on any
of these universal analog channels. In addition, the
system will accept pure paraliel digital inputs on both
prime and subcom channets.

In the testing of the relatively small A-AN military
aircraft, a special small airborne data acquisition
system was developed. This Mini System (125 chan.
nels} is a subset of the larger 400 Channel System and
was installed in a 150-gallon external store for the
A-4N test project.

Multiplexer Airborpe System

This is an advanced airborne acquisition system using
a central programmable controller for the selection
and formatting of the PCM data stream from small
remotely located acquisition units. These remote
multiplexer units are mounted in various areas of the
test aircraft, such as in the wing, engines, the avionics
compartment, the tait section, etc., and conrnscted to
the central controller by a single rable from each
unit, Each remote unit uses large-scale integrated
{LSI) solid-state electronics to produce a very small
size, but reliable package. The cost of installing miles
of wiring and the associated man-hours in a standard
instrumented aircraft are eliminated by this :lecen-
tralized remote multiplexer acquisition system.

All airborne aata systems have a 14.-track tape
recorder with 2-MHz bandwidth response at a tape
speed of 120 inches per second. The recorders
operate at any one of six run speeds to match the
selected digital data sampling rates, The PCM data are
recorded on one track and the IRIG B on another,
The magnetic tape, which is 1 inch wide, has 12 other
tracks for FM or other data recording (Figure i).
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Assooiated Equipment: (Figures 4, 5, and 6]
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ORI A BIRLBARE COMPANY

MCDONNELL DOLGLAS)

TECHNICAL FACILITY DESCRIPTION

ENGINEERING AND RESEARCH

Flight Crew Training Center
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TECHNICAL FACILITY DESCRIPTION

ENGINEERING AND RESEARCH

Yuma Flight Test Facility
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Twao Skydrot Test Stands, 30-gpm Sprague In addition, the ground support operations has amplo shop

Two workstands, Skywitch antl clectronic equipment to support the everyday opera.
Two power unit 89-kva tractors tions.

Clarktor tug, 8-wheel, outfitted with rigging level sensor

Four Skydrol test stands, 50-qpm Sprague Support Eacilities

Two aiteraft movers Two 20,000-qgallon fuel tanks

Two axle jacks, GO-ton, Malnbar Two 1,600-gallon sowage disposal units

Two axle jacks, 60-ton, Sangor Deionized water, 36,%0Ugallon capacity

Cryostort unit, for aireraft starting 1,000-kva miramum, 1,700-kva at 2,000 amperaes,
Trailer datn - 40-foot electrica: transformer to ~upply the existing facili.
Trailer, American photo tios

Testolk, air data Liquid nitrogen storage area

Truck, Ford Skywatker 1,500-gallon gasoiine supply for ground support
Four workstands, Ballymore vehicles

Power unit, G0-kva diesel Pawer istands, 440 volts

Two Ground Sturter Units, air portable (MALA}

Woter wasto cart Talephone Cammunications

Level Sensor Readout Madule, Kearfott Divect dinl tielines on the voice network have baon
A/C unit, 3-ton provided to give direct nccess to and from talephone
A/C unit, 30-ton stations at the Yuma Facility via the DAC Microwave
Cargo loadnr Link,

Aerostand, 24.foot
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TECHNICAL FACILITY DESCRIPTION

Instrument Landing System — Yuma, Arizona

A Dl o,

Btemen Labwratoey Wt hes Marsree ) Ty 561 gty

syt bopwbing Dyter HLRSE B emtadiegd st e Yo,

Aghrovg, et on Movday 3L Thete wee three 1rans
sttery the wlliglope, loralizer il the weidille marhon
Che plidetope ateni e 40 B ot w1 Yew fiam
e pindod the sy e

© FIGURE 1. ILS GLIDESLOPE TRANSMITTE R

s rbanee!l, golidbaiate Aarluenw

T dooaturer anteoris s W feet Bl vt 1 oo SO0 Yaea
b pursaay o g iy continiing B e

Applicationg:

The 0% systorn wos paareboied and bnstatied by Douatay 10
mapgary DO OAT B 1 Auipdar developeeent, DO
prochae ey iren e prnd et Haahtebook s, vl duslpeay
Bl wramny aetwities st Yoamw, Flase 0 dhstrates the
pilvpiaral Woation o he docalisy andd olleslone e
sratters Fagors 4 diumiyates b bevm gesenetry of e Ut
gty AL bsoeennt Lasding Syglem

e
ey

FIGURE 70 LR LOCALIZER TRANSMITYTER
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TECHNICAL FACILITY DESCRIPTION

Precision Aircraft Tracking System, Yuma, Arizona

Dol bay trocuced o Predision Alrceatt Traoking
Sysrern PATEY o optiosd racter. 1w developed primarily
for pivoralt oatroment Tasudingg systorn tests, Thytwewr nile
tests, ard other tasks which reguire very acourae Thghs
path determinmion,

Cperations Characteristios:

During  twrmal operetion, the Tracker ditermings te
arimuth, eleeaton, g range ol the tueoet ot o wmple rate
of 108 muessuremmnts por oseeond, These dute wre thoe
eorredamed wig o prechion timeecnde generator, oeriodically
chpckad ageinst-a thewe stardand. These megsurements phis
tivw o F day aee avallabie s barary vaords for date recording
ot frpgretic tape and aee dissotly displaved for dmmediate
reteronge, The magoetic tepe s processed o the FRLD
Drats Conter 1o wield Tl dats, This sysien elivsingies the
mrped for vpduchion of date from photograpiae o radin
theodnhine systomg,

A siragle opergtor s fequired Tor-the acgubsition tundtion,
andd fracking % automatically mitated when the St i
positioned dn the sonudsivion Seld, An intrared widioon B
gaedd For acouisition sl provides Baze penetration angd
gersi ity o the indeared taser radhiation,

The Procmon Laser Tracker comsist of g infrared laser
rarmiittey,. B e piilse reopiver, an infraeed television
catmers g TV mositgr for the operator sl 4 servoe
controtiod Moo mount, A reiroretiector Bomounted on
the gircratt o provide adeguete. returs sigoal 1o the
Trachor, andd 10 deting the tracking point pmedisely. The
feansitter considn ol e Oawitched, Hadhvpuraped Nd: Yag
Laser operating st 100 pps. The 106 microradintion Jsno
visirle or Barardous to the test alroratt crew,

The Tracker 5 mounted in avan, s shown in Figure 1, amd
thin dager bewm s babgoited and received through the
sepvu-tontrotied mirror, Thi televigion cirmre receives an
simbigng Trege oF the target and the surpounding Held of
whina,

Thix laser pulse receiver generates Tange dats s angle
grroes for the servoecontrobisd mireor, The return ol g pulbse
wy dhe reworetlector autoratioally mitiagtes wacking. The
systern then tacks autoreaticelly snd oo further manusl
vl s reguived [Blgure 21

Bystam Features

Sel-compingd  mobie systern laumiiary power ung

ORIGINAL PALL B

OF POOR QUALITY 231

P e )

Indrared TV wowd for il aegunition

Saptotrmek froon VR0 o 80,000 femt

Agrath, diwiation, range, ared thoe vecorded i 1, 10,
100 samip e secs

Dty rpcorded an chmputer-compatible magnetic taon

Brovision time ohde referenged v WAV

Bl stete TOO0 Angmtroen s INesdyidine Doped
W e Ao Garnet)

Suntormatic omirol of luser power for aye satety

Swstern periormance

FIGLRE 1. LASER VAL

TRABLMILEE BB

FIGURE 2, SYSTEM BLOCK DIAGRAM

Estirnated Botiiaty
Yot Banim

Rusolution 0000 F
Harnge 15 Py % raFt
Hrirmisth O Wt ian ¥omord By
Elawation LR W adian 2o v AEy
Tirn PO B
" ; LaERT M, B Wy,
FACILYTY LOUCATION 270 Ramp
ey ETATE
Yising Arizong
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TECHNICAL FACILITY DESCRIPTION

Flight Safety and Parachute Loft Facility

Ph ¥ by gt Dabod iy Devedopneryt Divsion (FRLLD
ot anoa D rhe Bt salety moi, FAS B Braion
I AT el o Yheh souiiover e roen, The thaln
spbudy wrpsp weeh PGS Meopn Blation srehouated it
ppaehty Tty Faaoe 11 wibiiedy Bos bt TR st fat
it Ay apare ared oo b booseey sl spiee Ty saende

wamiy gl slorane of syl spipenend auslyiabed il

cormircal e ralnary g

FIGURE 1 PARACHUTE LOEY

Chpwravional Cherseteristicy:

Phae gumraeboste dodt o weapediebde o all anpention gl
giteDlinatiin b gueldebor wl develnpenent work e
toprad enthun the Dougdes Auoretl Dempary oo e

oyl ey bt egiigenent

Parniiides
Loate Bty
Loty Yoy

Eatapie 5 des

Survual Kats
Fotreiy

Phghy Ulothong

oRGNAL PRCE
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by mlehtann, dhe persormed e et Daoibity el the B AR
o paie Sty are vortind g ohater v aohnate Ot aned
yep e o proar g ey Bu et

Associated Eguipment:

Srpoon 1 by U Teer sl p o ceding B feet bualy peed B

i i rey pordehaite Db,

Porachuge pockong talde B0 ey o weedd Tor vipeitus,

Fegnait, el vepavhas of persomel pagaetunes, peb vy e

synes Chustes,

A omepeted el apnrsmangtely 17 by 28 fper uaed iy

silbgtany Sead Laniedtin Bred rppaeiong ot We ralty vl

parar Elley

P aewion srachories o by the ey gl mmpistenange
ot iy pes o survivs! eeiupeny e Hlakt clothe,
B tobsde 12 w12 Reet ssedl oo amspection amd sepay o

syl Rve, Bde vedt and Babwie Dvout et ot

A opmmpdety fechroeal Bheary o Bawy, S Foroe wyd

castprmeroanl abety arad surwival iy
Adt wrradl oo loremred 1o repar e s atery spupne
Trwe Pesue oo doeated on e groursd ooy of BRLD
Fhahy Ogwearions gt b appowirmately 1400 souare fomt
o Hope apaee, Inclode ey ths Spodity aie the ol
Py

A dprher spont st G0 Hhaht voew mobiery tookers,

Lsarigt ares Bon srew rowrnbers

Flhaht sipsgennnt b ronm with storp spase tor B0

parachtes, o supady ol Bight slotbung Hight sy,

Jack prs Bty Hle vestsoprel belmeiygd

PHPT ML LRGN
FACILITY LOCATION 296 18

Ly SEatt

Long Beach Calitormg




EXEIRIGE ARG BB RAEY LOMPANY
o, A

AR AP A. DL AN

TECHNICAL FACILITY DESCRIPTION

ENGINEERING AND RESEARCH

Ground Support Facilities, Flight and Laboratory Development

Ehgnr oard Laboratory Dewelopment, UR20, mamitaing
faciities i sl wlacent to cthe Flighy Test Hanger,
Boaiding 47, "o suppert FRLE et funclon i 000 i nos
with prowiding sl the grogmd support euuigmend, sah g
wircralft Towe ttivd, portable abrcnalt s conditione,
wrgive ar starters, sk workers workstande, elo., 0 s
port -l ke Douglds test el ot ity el
o tiatl el BlD wesr rampe produetion st The
mgantenance faoilivies inchude s wdomindstrationand storage
vty (Boaiing 451, Osyger Seovice Laboratosy, & When!
assd Tive Shop, 5 Grousd Sopgory Equipeent Bapas Shop
anthan Engine Bhop,

Ciperational Characteristics:

HBuilding 45
This adding, containg GABD wpse feut, o fatled
v g bormy 1 the admanisteative Tunctions egueg
to earry out the groondd supportoactivites, by s
i, ot i og storage gres for ool sl alegtiomg
srpprnent abse eeded For groad suppoet actites

ogure 11,

FIGURE 1. BUILDING 45

Chayoen Servise Laboratory

3 ogrgpre feef i size ardd i

Ty ahiiratery 9 36

privry funghiorow 10 obten Taboeatony sarmples et

sealyies o el HOus orynen teee

vy Beaet 101  peed perborny the ot loation witing

prrs il ndntened Dy DT e 10 ol byl ety

AR dpepibibations, b skl

the luboratory pertorms the Tollowing mnrtensnie
oEygen sydlern  papging, certiiation of onbsan
botttes, Hiking of b voboard socrall bottles andd
it aining siorage ares T these Botties,

Wihaol angd Tire Shop
The Whse! argd Tire Bhop s located adiscent 1o 1he
west rarip arel 9 beased i poshed oF 1800 wyuwe
feet. The shop s eguipped with the following
BEEE T

Elvcorie forkiit, 1900 poumd capanity.,
Margasl cargo haulster, 1D pounds,

Mitrogen rmarstold regolater osters, Bl prassure
{2500 puid,

Ty Bopakd rdbromen Ury U Carts, low pressure
MY proundsl

Ground Support Eguipment Bepair Shop
This shop w houssdd v the seme shed dudlding
shmvent 1o the Whes!l arl Tire Shop soed composes
areoareg of TE syuare feer. The primary function
thus shiop o W perform predertalive maiienanoe ob
W grovmdcsupport sgmpment such s Pewiaitde o
corslitioners, engoe dlarters, gerseors, hydraulie
stardy, presnale stanals, aar monpe s s, serontanaly,
ks, eten W mator vepalr o pertormed et shop,

Engine Shop and Storsge Hies
The Brgine Shop el Slorsge wes 38 located in the
s st poper oF Banlding 41 T srmary fune

vy of this shop 5o COREED, RToe rnEnan e
g wanons Tyres of aworall engines that s wm
FRLDY vustody, The Dasw assigorment of this fapiiity
% o assist the enging manafadtorer 0 atcormpbishing
wEeous servipe ohianges. and omstrugtoy el gy the

foythonr it

DEPT RO, L e )
EACILITY LOCATION 290 Ramp Area
oty STATE

Long Beach Laliforma

220006



Installation of test equipment.
Quick engine change build-up and reptacement,

Installation and replacement of the auxiliory
power unit {APU),

Instailation and maintenance of nose cowl inlets,

Perform internal inspection of engines (Boro-
scopel.

234

Maintenance of thrust reversers,
Preservation of engines,

Receiving and shipping of all F&LD engines and
engine components,

Malntain current Inventory and status of engines.
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ENGINEERING AND RESEARCH

SUPPORT SHOPS, FLIGHT AND LABORATORY TESTING

serrad mchavicst fBabrication o wpport Englieering
Plight ssd Laberstory Tegting, Thess shops have Daen
s vt o dacility s tht masimum utilignenof
erpiprinl Al manDower ol b piriesedt, Wiah e
shyprsfind capabibity, g e varmty of usdbue prodtuets oan
b procdyond Trove oty mptenals B SugDort enginesring
tenty,

Typoal prodducy which are routing for thiy facibty pe
preinnn mgoleb oy wne tanme! st dgdny, ronckiups ot
Woth plastie and owoed, mushingd party, shest ey
anstrndrbies, b Yabnoate] tenr Bt

Operationst Charactoristios:

Maodel Shop (Figures 3 and 2}

A completely aguipesd and stelled model shon can
produce bighly socurste el weale wnodels fully
strurmnted Tor windd tinmel teating Alwg, sevthatis
display seale models are created by skillad-persoing
for warious purposes. The shops sre noarly wit
supporting excent Ry spedisl procsssing sueh m
plating, beattreat, ot

FIGUHRE 1. WIND TUNNEL BODEL

Machine Shay Fuure 3]

The Marhns Shon comeisty of convemitiong mach

L

ety wred b oarathedd with pogroup of Bighly skitleg

pHATCR groan apmriabies oy deysloiing sew

schaeng prad lebidaing Tedtinaues, machiniing

BE R D RO ERABE T Yy

ORIGINAL PAGE 18 335

FIGURE 2. MODEL SHOP

praets Troer new slloys Tor Test purposss i providing
unbps v special perty e support of 108 progrens.

The epaprrent Sonsists of wghn precision bathe
sanng drorn ool rogen LBes 1o manhines with g
godivsg o 28 areben e sty by MY peher in
il Ove el Bt 0 siuipoed withy g gl

el yaoing attachiment whuel bay g Bonch radid
Trayel, The

T it iy

s Hoys sibest 4ad,

s oare tan rtbing s

aital gl theed yertioal Thege mypohines are

ot warious el Baving saxamum abve e
ek, A mpuipeeed 0 onavipistely toolag woth

snppporhing wnipment wothat

vy san by oacoomiphahed, Bk
b tepvel ot Bl

gvasiable and coenpluly woled Supporting

@ttt horiponitat andd vert

suinh cybingirisl arnl sudace goinaderd, gl presim

fegial, st Gpde gl wngieapindlel curot saen, vt

At poisgdeien 1 shop (Bl 3

Assoviated Backing Shop Eouipmant insludes
Mumeroallycontrolisd Danks mill 24 by 88 bed
withy an sorsmale scanser with s owh finiopo
uiter. The spanner can e uwed 8y ¢ ¢ wwentiong
Tauer Or SUOen produce 50w tapes by soanning &
gk that needs 1o b duphicatend, Aaother advantuge
of the sanney, 85 weighed 305080 8 racerooitiolisd

LY L B MO

FALCILITY LOCATION 967 26, 32 414

ey Seati

Long Beach Caltitornia
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FIGURE 3 MALHINE SHOP

kv, 5 Bt oo Gan Bl the full wrking
wivtace of the e wihile producing 4 puinched
. Bopaeereontrobied reechios con oaly utlie Y

frielh, el Tabrcated st sped i e raelih
pationg b Strootured el wmindiling

Lippipryl whwet ot iyt wishedes sheges oo
Laghes weithoa Wi ot of 0 dnches D
wtipinent wwhades cobls, Bosdla ., perahes, sl 2
cranplete vebding fae ity e sup oot s

Prawtie Shog (Figure 4)

Yo Plastio Shap orovbies siious Bowwnetaibe oo
pomnants for BERLY programs s specind s, NMany
twvge, ooipdex guseniibes sl o Tinn Doy,
prupee T cowtiegg, g anderige test parels are
sty Aplwioated o this shan, Theee Janm Gvery
grgn e aruemip eapabibty ot up o Wy 1w W
fend dwep Bt @ Sereperabury of WOVE and wre
pepHponl st vacuam wapaielive side the gvens
O3hwr gt nciides a A ton ot platen paees
148 by A8 Inches!, i, 3 lare paat Booth 130 by 18

g AL deet deept, ool stovage oaoebdlny, waitel
s ont gt et Dl Sepporing e v,

arsand That o betwiser e cutler s troeey bl

Muyrerattpoontroled marhiaing oo verths
Fax iy maghive with scimmaty UNG conteg,
part poia Gl wmnt entended el 200 by
Bilangh bed. Mesd  posttbon sl spent wiihin
SO h

Yowtiewd bobw To pdediion haweng ol sl tusd
sl Cortpunee T e test sders

Ol Beadvagen Bone tor Beigang detdied party

Mol ontad surtiee gginder with o oybadneg! @ity
gt

Wortaal b B,

Mo bronttab o oadl vl aovertioed and basizontsl FIGURE 4. PLASTICS SHOP

gt b B0 wchws

Fabrsation Shoa 1Flgure &)
The pore furetion of the Fabecation Shey, locawd
o Beldeg 25, 6 1o busdd laree Satarey wihich il

Traer tathw wortiy g 30 stae limend
Trgeey lpthe T3 b Bad, 2 b gwiny

Eleotrion oecharge muchnr wath o ZD0 00w

P geily

Tha Dorel gren covanty of 3 beches dor g pansdnty
s gtinn, B

wionr sartaee plates and preosion
RO TIT praen 1o 8t uh ad iy el Shop

5 A 5 ¥ gk
b aireoditioned o bl g empersiure of THE VY

Sheat ety Shop
The Sheet Netgt Shop bt e can atility dor e

ety sper il shedt mtdl gty oo asseobhied o

i

s

ary st or peimpary, Tyiiepd o

FIGURE B FPABRICATION sHOp
G E B s 220001 A

abwiptedd G e shor e st et
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ROl Test specimens and 1 Yabncate other migellang
ous compotents. Hewyduty equipioent; e B
shgar, Drakg, Ori press, Sews and gatomatic Tead
witching machings, are wailabile In iy shop.

Elscteicad/Blacteonic Shop

The Electrical/Blectronic Shop, jocated in the Enge
fapering  Dewmloprent  Center. duiding 414
Flgure G, pactorais varkos degress of mahntemancy
on glecuicslRlectionic svitenn, 4., miErowsve syé
tims, radiog. Wlemetry, and eirbbrne. digitel dets
systeons. associeted with Tlight test aiferatt. tn addi
tioe the shop 5 eauipped and seffed o) (1) manag
the complete fabrieation of Hight wst and suppon
mstrumeotation, (21 Tbosld iestramemtation facls
sl comsoles, T3 stamp identification numbers on
wires arl slesves, (41 wirg wrap printed citeuit
bisards, s (B dessuible sabiles anid wird FKung,

The shop personnel also install strain gages and
foil-type temperature pickups on' testaledraft. How-
swnr, 0 araineproper Snetellation and elicingts the
possibilities of meoelving rslevent dats, il o
mockup sitallations gre e’ on test mindals, g
cratt vormpotyite and alrframe striuctores. This pro-
cedhure w used 1o 5atisty 4l types of environmental
wst preveguisites such & bl @l Tow temperstures,
tomg e atalility and tempeeatine compensstion.

FIGURE 6. FALT ELECTRICAL FABRICATION SHOP

Associsted Electrical Equipmant Includes:

Blie Line Quer, Moder FCRYS

Dettg Dasign Ecviranmenta! Chambér. Mods! 28501

Dettg Design Environimntal Chamir, Model MKI000

Congasd {%%xsx&mm Froaser

Lo Communication, Model 5003

John Bligke Voltege Calibestor, Modet 313

Hallerosws Besitancs Box

Tt B ingaloy Wire Staeg Machines, Model KWE 78

Arngrican Pacti Trolan Wive Marker

Gardner Denver’ Uoinpany  Wire Wiap Yuching, Mode!
14441

B11 Photoslectric-Reader, Model PER.300,

ORIGINAL PAGE
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DOUGLAS RIRCRAFT COMPANY

ENGINEERING AND RESEARCH

MEDONNELL DOUGLAS TECHNICAL FACILITY DESCR!PTION,
ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH
ACOUSTIC TEST FACILITIES

The Acoustic Test Facdities provi. & for the investigation of
materials, asemblies and subsystems primerily reiated 1o
scoustical duct finings, aircraft equipment noise, and
resistance of aircraft structures 1o sonic faiigue, and
specialized tacilities for studying the generstion and sup
pression of -noise, A major 1est facility for scoustics, the
Anechoir Acpustic Test Facdity at £1 Senundo, is descobed
i # sepat ale section,

The obworptve charactsratnrs of acoustcally treated tesy
panels i acousiic and aerodynamuc envarorunents {hke
those’ ir jet engine inlet and exhaust ducts) sre measured
the Duct Transmission: Logs Facidity shown in Figure 1, A
rectangular test duf1 is mounted between two reverberant
chabers, The tength of the test panels (L) mounted in the
sidewalls 0f this duct and the duct width {H} can be
selected 10 atisin various L/M ratios, The direction of one
ot the chambers can be either ‘with or against a specitied
airtivw {up 1o Mach 0.7} to simulate enging exhaust ducts
or .iplets, Sound pressure levels in egach chamber are
analyzed: to defetinine the transmission loss due to the
gresence of the test panels,

FIGURE 1. DUCT TRANSMISSION LOSS FACILITY

The resstanee of aworatt atractores 19 Fatwgue snduced by
tgheintensily 3roustical envirtonments 5 determungsd o the
Sonig Fatigue Facitity {Figure 2§, Acnise generator with an
exponential horn is attached 1o a rectangular Progressive
Wave Tube (PWT) containing a test section and an
absorptive termination saction. As the acoustic waves travs!
the lanigth of the tulie, they grare the tesl panel whith
mousfed 1o one side oF the PWT, exciting it at 3 specitied
FREVISED NOVEMBER 1979
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FIGURE 2. SONIC FATIGUE FACQILITY

nose spectrom and Jevel, Discrete frequency, broadband
random, and combmations of thése excitations can be
produced, Testing at soumnd pressure Tevels substantislly
greater than those encountéred in sesvice Csn uncover
structural  diticiencies in A relatively short period of
time.

Aesistance 1o normal flow {(the fundamental parameter
describeng’ porous, acoustically absorptive Tining materials
used 10 suppress noise in many alrcralt instailations) s
measuted At various velocitiess in the Flow Resistance
Facidity shown in Figure 3. The equipment consists of

FIGURE 3. FLOW RESISTANCE FACILITY

FACILITY LOCATION | %77 Pt et i;;;:%
G STATE
Long Beach Catitornia
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sictlow -controls, metéring, and. pressurediog/temperatire
wstraments Although small semples are usually tested,
flow resistance can be messured for spscification compli.
ance checks. of larger sheets 1o ‘be used in fabricating
Fulbaize parts,

The impedance and absarption of acoustical materisls are
determined in the Standling Wave Apperatus {(Flgure 4)
which consists of & selection of tubes, tayudspeakers with
fiorn aitachments, and 4 probe miciophone which traverses
the length of the tube axis, Tha characteristics of the
standing wiise pattern fLe,, ralative 1o sound pressure levels
and acoustic mode/antinode locations] produced fram
normally ingident sounds st selected disérete frequency and
sound pressure level sre determdned from probe microe
phore data,

Thess data are input 16 a8 digital-computer 16 calculaté the
seal and Fpactii components of the compléx acoustic
inpedatcs 200 the normial ingdenos sbsorption coefficiait,

FIGURE 4. STANDING WAVE APPARATUS

For Hyover nobse récording and other tests #2 remote
wtatong, e Acousties and: Vistion Van (Figue 57 fes
‘Been equipped with multichanne! recording capability, A
selfcontamed electrical power system supplies & complete
complement of 188t and support egquipment including sianal
sonditoning and Mo toring systems, 16 agdition, there 5 4
very high frequency (VHF} transceiver a receiver for time
code signals, cadio teléphane, lofig-line remote microphone
systarns, Catibration squiprent, and: g graphic level o
corder, As currently contigured, the van eafries vp o 11
iongsline microphone. stations which ‘can be Jeployed to
distances of 10,000 feet or more, In addition, for remote
lgations where the use of loog cables s bapiscticsl;
self-contained remotely-controlied noserecording systems
are available,

REVISED NGVEMBER 1979
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FIGURE 5. ACOUSTICS AND VIBRATION VAN

Noise duta processing is conductad Lsing the facilities of the
Acoustics and Vibration Dats Center {Figure 61, The Data
Center is equipped with a number of multiplechanne! snd
single-chatnel sagnetic tape syitems and & virigty of dita
processing systems, Data systems include: (1) computers
controtied audio filter system with 1/3wctavesband paraliel
autputs onto digital tape for subsequent largescale com.
puter processing, {2) narrow-band spectrum analyzers with.
varishle averaging: (3) computercontrolled processing tys-
tem for pairsdesignal analysis in-both time and frequency’
domains using Fourier Transform methods with graphice!
and tabulaer output capabilities: snd (41 statisticsl proe
ces807s with probability and correlation output modes, in
addition, muitichannel strip chart recorders and necessary
patipheral egquipment suoh 85 time tode, Signal condit inning
and audio cutput subsystems are incorporated,

¥

- 2

FIGURE & ACOUSTICS AND VIBRATION DATA
CENTER

Systemns devsioped by Oouglas for acoustical dats aotiuie
sition include those for specialized Hyover noise testing to
the standards of Part36 of the WS, Fedurgt Aviation
Regulations: and Annex 16 of the International Civil
Aviation Organization,

130252




Onperational Characteristics:
Duct Transmission Loss Facility

Maximum Specimen Size:
Width - B inches
Length — 48 Inches
Thickness — 4 inches

Duct Cross Section:
Height — 10,375 inchas
Width variable from 2 to 17 inches
/H Ratio: 0 to 24
Mach Number: 0 to 0,7

Reverberation Chambers linlet and exhaust}:
4,2 by 5,2 by 6.5 feet high with 35. by 40.inch-high
access door

Ling EPT-200 and Airjets
{sec Noise Generators}

Noise Source:

Sonic Fatigue Facility

Maximum Specimen Size:
20,25 by 27.00 inches long (small window)
60,0 by 60,0 inches long {large window)
60,0 by 70,0 inches long {door}

Pragressive Wave Tube, Cross Section:
12.45 by 62,25 inches high
Noise Source: Noraircoustic MK Vil and
Ling EPT-200 (see Noise Generators)

Flow Rasistance Facility
Maximun, en Size: 1.2 by 2.4 meters;

0.8 meter thick

Velocity: 0,70 to 10.0 meters/second through a 0.1-meter-
diameter tust area

Flow Resistance: 50 to 10,000 mks Rayls

Standing Wave Apparatus

Maximum Specimen Size:
10 em diameter for 90 to 1,800 Hz
3 cm diameter for 800 to 6,500 Hz
1.5 em diameter for 5,000 to 10,000 Hz

Normally Incident Sound:
90- to 155-dB sound pressure leve! at 1/3-octave-band
center frequencies of 400 to 10,000 Hz

Standing Wave Ratio: 45dB
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Noise Genarators:

Noraircoustic MK VIt
Electrohydraulic
200,000 acoustic watts
Random frequancy range: 40 to 10,000 Hz
Up to 172 dB In Sonic Fatigue Facility

Ling EPT-20("
Electropne. matie
10,000 acoustic watts
Sinusoidal frequency range: 40 to 1,260 Mz
Random frequency range: 40 to 10,000 Hz
Up to 158 dB In So'.ic Fatigue Facillty

Maximum air supply: 7,100 sefm (9 pounds/second)
Combined 250 and 300 psin systems
Reference Pneumatic Test Facilities, Section 217-003

Applications:

The Acoustic Test Facllities are actively utilized in experi-
mental rosearch on sources and effects of sound as rolaied
to the products produced by Douglas,

The following are some of the more specific programs that
are boing investigated:

Fan duct noise propagation and absorption
APU inlet/exhaust muffler

Fan duct design

Sidewall transmission loss

Environmental control system and component noise
Aircraft equipment noise control
Psychoacaustics studles

Jet noise suppression

Propulsive lift system noise

Panel absorption

Fan noise source definition and suppression
Panel acoustic loads and stress

Near-Field noise measurements

Airport noise strveys

Factory noise surveys

Community naise surveys

Flyover noise surveys

Instrumeantation:
A latge assortment of condenser microphones of 1-, 1/2-,
1/4-, and 1/8-inch diameters, both pressure and free.fiald

types, are maintainted, In addition, high-frequency-
response pressure transducers with pressure rakes are

213-025A-3
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TECHNICAL FACILITY DESCRIPTION

ENGINEERING AND RESEARCH

AUTOMATED GRAPHICSE SYSTEM

The Mutooated Qeaehion Sesterm i sogumputing Tacility
{Figure 11 for produsing graphics from. digitel dute, o1
gonyerting graphics 1o digitel data, using 8 Gerber Flathed
Protter fan X-¥ coordingte positioning device} or 3 Versater
Electrostavie Plothr ghnoested 10 4 munisomputer oo
wolinr, These systoms - oparate teom grcling telepommunics
o with an 18M 3007 syatern,

FIGURE 1. AUTOMATIC GRAPHICE PLOTTING ROOM

The Gorber Rata Maregement Systern (DMEY iy an slerment
ot a distributed processing systers that provides data
stoarage, comraunications, and (rocessing sevices 10 system
ngrweeks, Other glements i the network may e grograme
gontrolied digitzing o deatuing systerms luch as the Gerber
2075 and 44771, remote largescale computing systems, of
additional DMVE systemns.

Graphi¢s (Engineering drawings, pettems and gedmetric
designs for stenciis or artwork, data plots, 850 up 108 by
16 fgot are credted by designers using compter programs
or cathode rey tubes. This information iy then Wansnyited
13 the Gerbar or Versates for plotting, Figlire @ snd 3,

Digital dati larea andd weight calsulations, trace for drawing
conbigurations, numericsl/contrel T tape, gt path
stathies, of sty application wauiring numenc dets. from
Graphics) gre. obtained by utilization of the automatic tine
fallower -to convert graphics to digital formet.

Thedacility consists of thirge syitems which grovide suppart
for  Acoustics, Aerpdynamics, Flight  Test, Interiors,
SOSED HOVEMBER 1979
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Sechprecal, Power Blant, Struoturel Bechanios snd Bhiun
wires, while having the sepaltility to prowide support of
fterface with Togling and Mane*acturing.

FIGURE 2. SYSTEY ILLUSTRATION

Operational Characteristics
Gorber Flathed
Yable Sive {Ussble area)

Sohy 18 Fost (With Vertos! Tilting Capebilityt
% by 16 Fest tHigh Speed NMontilting)

) 0E2Y MG, BLOG N,
FACHITY LOCATION 2%0 ¥
City STATE

Long Beach Catifornia
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Maximum Drafting Spoad
500 Inches/Minute (2075 System)
2800 Inches/Minuta (4477 System)

Maximum Digitizing Speed
180 Inches/Minute {2075 System}

OQutput Head
Wet Pen, Ballpoint Pen, Fibertip Pan, Scribe, Stencil
Cutter

Plotting Modia
Papee, Vallum, Mylar, Scribecoat, Rubylith, Stencil
Material

Accuracy {Drafting)
{1} 0.004 tnch (Overall}

Resolution {Drafting)
() 0,0005 Inch

Repeatability {Drafting)
() 0.002 Inch

Telecommunication Speed
4800/9600 Baud

Paper Tape Reader Speed
300 CPS

Pupor Tape Punch Speed
120 CPS

Vaorsatec Eloctrostatic

Plot Size {Usable Area)
35.19°
*Limited only by size of paper roll {500 feat)

Plotting Specd
1584 Square Inches/Minute

Plotting Media
Bond or translucent paper

Accuracy
(t} 0.2 percent of 0.015 maximum sccumuiated error
{adjustable in X axis by software}

Resolution
{£) 0.005

Applications

The Automated Graphics System provides graphics or digi-
tal data output for the following:

Engineering layouts and production drawings are created or
REVISED NOVEMBER 1979
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modified using computor-aided design drafting {CADD),
Data Coded Geometrical Operation {DACGO) program sub-
routines, outomatic programmed tool {APT}, Fortran or
Georber lansguage and transmitted via telecommunication
lines to tha plotting systoms,

Area ond weight coleulations, flight path studies, or any
application whera numeric datn are required from Graphlcs
and are obtained by operating the Georber plotters In the
digitizing mode, Also, by utllizing a cutter offsat routine,
the digitizing program will provide, in N/C machine tool
format, data for use in preparation of N/C tapes,

Producing point stencils for extorlor alrcraft markings Is
accomplished by programming in Gerber or taking marking
artwork (customer-furnished or Douglas-dasignad) and pho-
tegraphing to daesired scale, utilizing optiscopy camera, The
shape defined on photoprint Is dipitized for digital data
moved to a CADD access data storage area where additional
shape definition is added and a hardcopy file is produced
which can be plotted on stencil stock,

Aegrodynamic and Power Plant performance graphs and
Acoustic contour curves are derived from theoretical, wind
tunnel test modals, flight test aircraft, ate., and processed
by pregrams for data to be transmitted via telecommunica-
tion lines to the Gerber or Versatec for plotting,

N/C tapa verifications.

Stress annfysis dlagrums,

Mechanism motion study drawings.

Geodetic survey {tract, topegraphical, ete,].

Geometric patterns far interior ceiling and side panels,

N/C tapes for automatic drilling and wire wrapping
machine,

Associnted Equipment

Gerber Optical line foilowing with line lock-on capability to
allow operator to digitize *hands of {” mode.

Camera and TV monitor to allow the oparator a "followar's
eye view" of the graphics being digitized,

ASR.33 teletype unit for machine control and /O opera-
tion,

Adds 520 console for machine control 1/0 operation and
data manipulation.

High-speed paper tape punch for output of EIA {Electronic
Industries Association} or ASCIl {American Standard Coda

220-003-2



for Information Interchange) data on punched paper tape.

Tektronix 4014 CRT storags tube for praviewing data prior
to plot,

Taktronix 4631 hard copy unit,

4984 graphics tablet for fast-digitizing or free-hand graphics
(34 by 42 inches).

DTC 382 time-sharing terminal for data managemant,
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Minicomputer Controllers
Honeywell DDP-616 Eight K Memory
Hewtett-Packard 2108 Sixteen K Memory
Hewlett-Packard 2112 Eighty K Memary
Interdata 180-4 Sixty-Four K Mamory

Disk Drives
Hewlett-Packard 7900A Five Megabytes
CDC 9762 Eighty Megabytes

“220-003A



